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Abstract
Algorithmic fairness has received lots of interests in machine learning recently. In
this paper, we focus on the bipartite ranking scenario, where the instances come
from either the positive or negative class and the goal is to learn a ranking function
that ranks positive instances higher than negative ones. In an unfair setting, the
probabilities of ranking the positives higher than negatives are different across
different protected groups. We propose a general post-processing framework,
xOrder, for achieving fairness in bipartite ranking while maintaining the algorithm
classification performance. In particular, we optimize a weighted sum of the
utility and fairness by directly adjusting the relative ordering across groups. We
formulate this problem as identifying an optimal warping path across different
protected groups and solve it through a dynamic programming process. xOrder is
compatible with various classification models and applicable to a variety of ranking
fairness metrics. We evaluate our proposed algorithm on four benchmark data sets
and one real world patient electronic health record repository. The experimental
results show that our approach can achieve great balance between the algorithm
utility and ranking fairness. Our algorithm can also achieve robust performance
when training and testing ranking score distributions are significantly different.
1 Introduction
Machine learning algorithms have been widely applied in a variety of real world applications including
the high-stakes scenarios such as loan approvals, criminal justice, healthcare, etc. An increasing
concern is whether these algorithms make fair decisions in these cases. For example, ProPublica
reported that an algorithm used across US for predicting a defendant’s risk of future crime produced
higher scores to African-Americans than Caucasians on average [1]. This stimulates lots of research
on improving the fairness of the decisions made by machine learning algorithms.
Existing works on fairness in machine learning have mostly focused on the disparate impacts of binary
decisions informed by algorithms with respect to different groups formed from the protected variables
(e.g., gender or race). Demographic parity requires the classification results to be independent of
the group memberships. Equalized odds [15] seeks for equal false positive and negative rates across
different groups. Accuracy parity [35] needs equalized error rates across different groups.
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Another scenario that frequently involves computational algorithms is ranking. For example, Model
for End-stage Liver Disease (MELD) score, which is derived from a simple linear model from several
features, has been used for prioritizing candidates who need liver transplantation [33]. Studies have
found that women were less likely than men to receive a liver transplant within 3 years with the
MELD score [29]. To quantify ranking fairness , Kallus et al. [19] proposed xAUC, which measures
the probability of positive examples of one group being ranked above negative examples of another
group. Beutel et al. [2] proposed a similar definition pairwise ranking fairness (PRF), which requires
equal probabilities for positive instances from each group ranked above all negative instances.
To address the potential disparity induced from risk scores, Kallus et al. [19] proposed a post-
processing approach that adjusts the risk scores of the instances in the disadvantaged group with
a parameterized monotonically increasing function. This method is model agnostic and aims to
achieve equal xAUC, but it does not consider algorithm utility (i.e., classification performance)
explicitly. Beutel et al. [2] studied the balance between algorithm utility and ranking fairness and
proposed an optimization framework by minimizing an objective including the classification loss
and a regularization term evaluating the absolute correlation between the group membership and
pairwise residual predictions. This method, although considers both algorithm utility and fairness, is
model-dependent and does not directly optimize PRF disparity but an approximated proxy.
In this paper, we develop a model agnostic post-processing framework, xOrder, to achieve ranking
fairness while at the same time maximally maintain the algorithm utility. Specifically, we show that
both algorithm utility and ranking fairness are essentially determined by the ordering of the instances
involved, therefore, xOrder makes direct adjustments of the cross-group instance ordering (while
existing post-processing algorithms mostly aimed at adjusting the ranking scores). The optimal
adjustments can be obtained through a dynamic programming procedure of minimizing an objective
comprising a weighted sum of algorithm utility loss and ranking disparity. The learned ordering
adjustment can be easily transferred to the testing data through linear interpolation.
We evaluate xOrder empirically on four popular benchmark data sets for studying algorithm fairness
and a real-world electronic health record data repository. The results show xOrder can achieve low
ranking disparities on all data sets while at the same time maintaining good algorithm utilities. The
source codes of xOrder are made publicly available at https://github.com/xOrder-code/xOrder.
2 Related Work
Algorithm fairness is defined as the disparities in the decisions made across groups formed by
protected variables, such as gender and race. Many previous works on this topic focused on binary
decision settings. Researchers have used different proxies as fairness measures which are required
to be the same across different groups for achieving fairness. Examples of such proxies include the
proportion of examples classified as positive [5, 6], as well as the prediction performance metrics
such as true/false positive rates and error rates [9, 10, 15, 35, 18]. A related concept that is worthy
of mentioning here is calibration [25]. A model with risk score S on input X to generate output Y
is considered calibrated by group if for ∀s ∈ [0, 1], we have Pr(Y = 1|S = s,A = a) = Pr(Y =
1|S = s,A = b) where A is the group variable [8]. Recent studies have shown that it is impossible
to satisfy both error rate fairness and calibration simultaneously when the prevalence of positive
instances are different across groups [21, 8]. Plenty of approaches have been proposed to achieve
fairness in binary classification settings. One type of methods is to train a classifier without any
adjustments and then post-process the prediction scores by setting different thresholds for different
groups [15]. Other methods have been developed for optimization of fairness metrics during the
model training process through adversarial learning [38, 26, 4, 27, 39] or regularization [20, 36, 3].
Ranking fairness is an important issue in applications where the decisions are made by algorithm
produced ranking scores, such as the example of liver transplantation candidate prioritization with
MELD score [33]. This problem is related to but different from binary decision making [30, 28].
There are prior works formulating this problem in the setting of selecting the top-k items ranked
based on the ranking scores for any k [7, 34, 37, 13]. For each sub-problem with a specific k, the
top-k ranked examples can be treated as positive while the remaining examples can be treated as
negative, so that these sub-problems can be viewed as binary classification problems. There are also
works trying to assign a weight to each instance according to the orders and study the difference of
such weights across different groups [31, 32]. Our focus is the fairness on bipartite ranking, which
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seeks for a good ranking function that ranks positive instances above negative ones [28]. Kallus et
al. [19] defined xAUC (Area under Cross-Receiver Operating Characteristic curve) as the probability
of positive examples of one group being ranked above negative examples of another group. They
require equal xAUC to achieve ranking fairness. Beutel et al. proposed a similar definition pairwise
ranking fairness(PRF) as the probability that positive examples from one group are ranked above all
negative examples [2] and use the difference of PRF across groups as ranking fairness metric. They
further proved that some traditional fairness metrics (such as calibration and MSE) are insufficient
for guaranteeing ranking fairness under PRF metric.
To address ranking fairness problem, Kallus et al. [19] proposed a post-processing technique. They
transformed the prediction scores in the disadvantaged group with a logistic function and optimized
the empirical xAUC disparity by exhaustive searching on the space of parameters without considering
the trade-off between algorithm utility and fairness. Beutel et al. proposed a pairwise regularization
for the objective function [2]. The regularization is computed as the absolute correlation between
the residual prediction scores of the positive and negative example and the group membership of
the positive example. However, PRF disparity is determined by judging whether a positive example
is ranked above a negative one using an indicator function. The proposed pairwise regularization
can be seen as an approximation of PRF disparity by replacing the indicator function with the
residual prediction scores. This regularization does not guarantee ranking fairness under PRF
metric. Moreover, it is difficult to apply this regularization to some learning framework such as
Rankboost [11].
3 Notations and Problem Settings
Suppose we have data (X, A, Y) on features X ∈ X , sensitive attribute A ∈ A and binary label
Y ∈ {0, 1}. We are interested in the performance and the fairness issue of a predictive ranking score
function R: X × A → R. Here we focus on the case where R returns an estimated conditional
probability positive label corresponding to a given individual’s ranking score, and we use S =
R(X,A) ∈ [0, 1] to denote the individual ranking score variable.
Given S, we can derive a binary classifier with a given threshold θ, such that Yˆθ = I[S ≥ θ] and I is
the indicator function. To evaluate the performance of R, the receiver operator characteristic (ROC)
curve is widely adopted with the false positive rate (FPR) on x-axis and the true positive rate (TPR)
on y-axis as the threshold θ varies. The area under the ROC curve (AUC) quantitatively measures the
quality of the binary classifier induced from R.
AUC can also be understood as the probability that a randomly drawn ranking score from the positive
class is ranked above a randomly drawn score from the negative class [14]
AUC = Pr[S1 > S0] =
1
n1 · n0 ·
∑
i:Yi=1
∑
j:Yj=0
I [R(Xi) > R(Xj)] , (1)
where S1 and S0 represent a ranking score of a random positive and negative sample. n1 and n0
correspond to the number of positives and negatives, respectively. Note that we dropped the group
variable in the R function because it is irrelevant to the measure of AUC (i.e., Xi, Xi can be from any
groups). The two group-level ranking fairness metrics can be measured by the following Cross-Area
Under the Curve (xAUC) metric [19].
Definition 1 (xAUC [19]). The xAUC of group a over b is defined as
xAUC(a, b) = Pr
[
Sa1 > S
b
0
]
=
1
na1n
b
0
·
∑
i:i∈a,Yi=1
∑
j:j∈b,Yj=0
I [R(Xi, a) > R(Xj , b)] , (2)
where a and b are two groups formed by the sensitive variable A. Sa1 is the ranking score of a random
positive sample in a. Sb0 is the ranking score of a random negative sample in b. i is the index of a
particular positive sample from group a, whose corresponding ranking score is R(Xi, a). j is the
index of a particular negative sample from group b, whose corresponding ranking score is R(Xj , b).
From Eq.(2) we can see that xAUC measures the probability of a random positive sample in a ranked
higher than a random negative sample in b. Correspondingly, xAUC(b,a) means Pr(Sb1 > S
a
0), and
the ranking disparity can be measured by
∆xAUC(a, b) = |xAUC(a, b)− xAUC(b, a)| =
∣∣∣Pr(Sa1 > Sb0)− Pr(Sb1 > Sa0)∣∣∣ . (3)
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Definition 2 (Pairwise Ranking Fairness (PRF) [2]). The PRF for group a is defined as
PRF(a) = Pr[Sa1 > S0] =
1
na1 · n0
∑
i:i∈a,Yi=1
∑
j:Yj=0
I [R(Xi, a) > R(Xj)] , (4)
where sample j can belong to either group a or group b.
From Eq.(4) we can see that the PRF for group a measures the probability of a random positive
sample in a ranked higher than a random negative sample in either a or b. Then we can also define
the following ∆PRF metric to measure the ranking disparity
∆PRF(a, b) =
∣∣∣Pr[Sa1 > S0]− Pr[Sb1 > S0]∣∣∣ . (5)
From above definitions we can see the utility (measured by AUC as in Eq.(1)) and fairness (measured
by ∆xAUC in Eq.(2) or ∆PRF in Eq.(4)) of ranking function R are essentially determined by the
ordering of data samples induced by the predicted ranking scores. In the following, we use pa and
pb to represent the data sample sequences in a and b with their ranking scores ranked in descending
orders. That is, pa = [pa(1),pa(2), ...,pa(n
a)] with R(Xpa(i) , a) > R(Xpa(j) , a) if 0 6 i < j 6 na,
and pb is defined in the same way, then we have the following definition.
Definition 3 (Cross-Group Ordering O). Given ordered instance sequences pa and pb, the cross-
group ordering o(pa,pb) defines a ranked list combining the instances in groups a and b while keeps
within group instance ranking orders preserved.
One example of such cross-group ordering is o(pa,pb) = [pa(1),pb(1),pa(2), ...,pa(n
a), ...,pb(n
b)].
With this definition, we have the following proposition.
Proposition 1. Given ordered instance sequences pa and pb, there exists a crossing-group ordering
o(pa,pb) that can achieve ∆ xAUC ≤ min(max(1/nb1, 1/nb0),max(1/na1 , 1/na0)) or ∆ PRF ≤
min(max(nb0/(n
a
1n0), 1/n0),max(n
a
0/(n
b
1n0), 1/n0)) with the two ranking fairness measures.
The proof of Proposition 1 is provided in the supplemental material.
From the above definitions we can see that we only need cross-group ordering o(pa,pb) to estimate
both algorithm utility measured by AUC and ranking fairness measured by either ∆xAUC or ∆PRF,
i.e., we do not need the actual ranking scores. Our proposal in this paper is to look for an optimal cross-
group ordering o∗(pa,pb), which can achieve ranking fairness and maximally maintain algorithm
utility, through post-processing. We will use xAUC as the ranking fairness metric in our detailed
derivations. The same procedure can be similarly developed for PRF based ranking fairness, and the
details are provided in supplemental material.
One important issue to consider is that the cross-group ordering that achieves the same level of
ranking fairness is not unique. In Figure 1, we demonstrate an illustrative example with 9 samples
showing that different cross-group ordering can result in different AUCs with the same ∆xAUC. The
middle row in Figure 1 shows the original predicted ranking scores and their induced sample ranking,
which achieves a ranking disparity ∆xAUC = 0.75. The top row shows one cross-group ordering
with ranking disparity ∆xAUC = 0 and algorithm utility AUC = 0.56. The bottom row shows
another cross-group ranking with ∆xAUC = 0 but AUC = 0.83.
0.94 0.87 0.80 0.75 0.70 0.63 0.60 0.50 0.49
pb(3)
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pa(3)
<latexit sha1_base64="ZvpECIG/nnNAHSQzCSXLgawc1Ek=" >AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCvIRdFfRmwIvHCOYByRpmJ7PJkNnZYWZWCEt+w4sHRbz6M978BP/CyeOgiQUNRVU33V2h 5Ewbz/tyVlbX1jc2c1v57Z3dvUJx/6Chk1QRWicJT1QrxJpyJmjdMMNpSyqK45DTZji8mfjNR6o0S8S9GUkaxLgvWMQINlbquK58y HD5/HTsut1iyat4U6Bl4s9JqVr4vkYAUOsWPzu9hKQxFYZwrHXb96QJMqwMI5yO851UU4nJEPdp21KBY6qDbHrzGJ1YpYeiRNkSBk 3V3xMZjrUexaHtjLEZ6EVvIv7ntVMTXQUZEzI1VJDZoijlyCRoEgDqMUWJ4SNLMFHM3orIACtMjI0pb0PwF19eJo2ziu9V/DubxgX MkIMjOIYy+HAJVbiFGtSBgIQneIFXJ3WenTfnfda64sxnDuEPnI8f38uRsg==</latexit><latexit sha1_base64="sW+LHl56A7cNCK//oEDQEKhRYBM=" >AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJJewq4LeDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgoqrrp 7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THsVIG6ntu uI+RcXT0th1O/mCV/amcJaJPyeFSu77smR/XFc7+c92N8ZJRLjGDCnV8j2hgxRJTTEjY7udKCIQHqI+aRnKUURUkE5vHjvHRuk6vV ia4tqZqr8nUhQpNYpC0xkhPVCL3kT8z2sluncRpJSLRBOOZ4t6CXN07EwCcLpUEqzZyBCEJTW3OniAJMLaxGSbEPzFl5dJ/aTse2X /1qRxBjNk4RCOoAg+nEMFbqAKNcAg4BGe4cVKrCfr1XqbtWas+cwB/IH1/gNPIpLF</latexit><latexit sha1_base64="sW+LHl56A7cNCK//oEDQEKhRYBM=" >AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJJewq4LeDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgoqrrp 7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THsVIG6ntu uI+RcXT0th1O/mCV/amcJaJPyeFSu77smR/XFc7+c92N8ZJRLjGDCnV8j2hgxRJTTEjY7udKCIQHqI+aRnKUURUkE5vHjvHRuk6vV ia4tqZqr8nUhQpNYpC0xkhPVCL3kT8z2sluncRpJSLRBOOZ4t6CXN07EwCcLpUEqzZyBCEJTW3OniAJMLaxGSbEPzFl5dJ/aTse2X /1qRxBjNk4RCOoAg+nEMFbqAKNcAg4BGe4cVKrCfr1XqbtWas+cwB/IH1/gNPIpLF</latexit><latexit sha1_base64="PwCz3eNBP9hS71JqP5yfPxwWt2g=" >AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7Kuix4MVjBfsB7VqyabYNzWZDkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmhZIz bTzv2ymsrW9sbhW3Szu7e/sH5cOjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh+Hbmt5+o0iwRD2YiaRDjoWARI9hYqee68jHD1 cvzqev2yxWv5s2BVomfkwrkaPTLX71BQtKYCkM41rrre9IEGVaGEU6npV6qqcRkjIe0a6nAMdVBNr95is6sMkBRomwJg+bq74kMx1 pP4tB2xtiM9LI3E//zuqmJboKMCZkaKshiUZRyZBI0CwANmKLE8IklmChmb0VkhBUmxsZUsiH4yy+vktZFzfdq/r1XqV/lcRThBE6 hCj5cQx3uoAFNICDhGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AbmHkBs=</latexit>
pa(4)
<latexit sha1_base64="XTB0a8yWkVO85oem4f2SUqFlwPA=" >AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCvIRdCejNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj1Z7z5Cf6Fk8dBEwsaiqpuurtC yZk2nvflrK1vbG5t53byu3v7B4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rploh7M5Y0iPFAsIgRbKzUdV35k OFy9Xziur1iyat4M6BV4i9IqVb4vkYAUO8VP7v9hKQxFYZwrHXH96QJMqwMI5xO8t1UU4nJCA9ox1KBY6qDbHbzBJ1ZpY+iRNkSBs 3U3xMZjrUex6HtjLEZ6mVvKv7ndVITXQUZEzI1VJD5oijlyCRoGgDqM0WJ4WNLMFHM3orIECtMjI0pb0Pwl19eJc2Liu9V/DubRhX myMEJnEIZfLiEGtxCHRpAQMITvMCrkzrPzpvzPm9dcxYzx/AHzscP4VORsw==</latexit><latexit sha1_base64="RfkY6RZVBYdCqx50XKim8zYYnk4=" >AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQVHXT 3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6zOCtZE6j iPuU1yslCaO080X3LI7A1ol3oIUqrnvy5L9cV3r5j87vZgkIY004ViptucK7adYakY4ndidRFGByQgPaNvQCIdU+ens5gk6NUoP9W NpKtJopv6eSHGo1DgMTGeI9VAte1PxP6+d6P6Fn7JIJJpGZL6on3CkYzQNAPWYpETzsSGYSGZuRWSIJSbaxGSbELzll1dJ46zsuWX v1qRRgTmycAwnUAQPzqEKN1CDOhAQ8AjP8GIl1pP1ar3NWzPWYuYI/sB6/wFQqpLG</latexit><latexit sha1_base64="RfkY6RZVBYdCqx50XKim8zYYnk4=" >AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQVHXT 3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6zOCtZE6j iPuU1yslCaO080X3LI7A1ol3oIUqrnvy5L9cV3r5j87vZgkIY004ViptucK7adYakY4ndidRFGByQgPaNvQCIdU+ens5gk6NUoP9W NpKtJopv6eSHGo1DgMTGeI9VAte1PxP6+d6P6Fn7JIJJpGZL6on3CkYzQNAPWYpETzsSGYSGZuRWSIJSbaxGSbELzll1dJ46zsuWX v1qRRgTmycAwnUAQPzqEKN1CDOhAQ8AjP8GIl1pP1ar3NWzPWYuYI/sB6/wFQqpLG</latexit><latexit sha1_base64="bW0p0BEYQ6G9TMENpq6gqLxxRV0=" >AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7UtBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyVn 2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt915WOGq /XLmesOyhWv5i2A1omfkwrkaA7KX/1hQtKYCkM41rrne9IEGVaGEU5npX6qqcRkgke0Z6nAMdVBtrh5hi6sMkRRomwJgxbq74kMx1 pP49B2xtiM9ao3F//zeqmJboKMCZkaKshyUZRyZBI0DwANmaLE8KklmChmb0VkjBUmxsZUsiH4qy+vk/ZVzfdq/r1XadTzOIpwBud QBR+uoQF30IQWEJDwDK/w5qTOi/PufCxbC04+cwp/4Hz+ALsPkBw=</latexit>
pa(5)
<latexit sha1_base64="iS7LkKf0Kwgj71/Y0FcW2CarJC8=" >AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCvIRdUfRmwIvHCOYByRpmJ7PJkNnZYWZWCEt+w4sHRbz6M978BP/CyeOgiQUNRVU33V2h 5Ewbz/tyVlbX1jc2c1v57Z3dvUJx/6Chk1QRWicJT1QrxJpyJmjdMMNpSyqK45DTZji8mfjNR6o0S8S9GUkaxLgvWMQINlbquK58y HD54nTsut1iyat4U6Bl4s9JqVr4vkYAUOsWPzu9hKQxFYZwrHXb96QJMqwMI5yO851UU4nJEPdp21KBY6qDbHrzGJ1YpYeiRNkSBk 3V3xMZjrUexaHtjLEZ6EVvIv7ntVMTXQUZEzI1VJDZoijlyCRoEgDqMUWJ4SNLMFHM3orIACtMjI0pb0PwF19eJo2ziu9V/Dubxjn MkIMjOIYy+HAJVbiFGtSBgIQneIFXJ3WenTfnfda64sxnDuEPnI8f4tuRtA==</latexit><latexit sha1_base64="FeRMn1eUsWVMfiEUQumHqqyodKk=" >AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJJewK4reDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgoqrrp 7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THsVIG6ntu uI+RcWz0th1O/mCV/amcJaJPyeFSu77smR/XFc7+c92N8ZJRLjGDCnV8j2hgxRJTTEjY7udKCIQHqI+aRnKUURUkE5vHjvHRuk6vV ia4tqZqr8nUhQpNYpC0xkhPVCL3kT8z2sluncRpJSLRBOOZ4t6CXN07EwCcLpUEqzZyBCEJTW3OniAJMLaxGSbEPzFl5dJ/aTse2X /1qRxCjNk4RCOoAg+nEMFbqAKNcAg4BGe4cVKrCfr1XqbtWas+cwB/IH1/gNSMpLH</latexit><latexit sha1_base64="FeRMn1eUsWVMfiEUQumHqqyodKk=" >AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJJewK4reDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgoqrrp 7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THsVIG6ntu uI+RcWz0th1O/mCV/amcJaJPyeFSu77smR/XFc7+c92N8ZJRLjGDCnV8j2hgxRJTTEjY7udKCIQHqI+aRnKUURUkE5vHjvHRuk6vV ia4tqZqr8nUhQpNYpC0xkhPVCL3kT8z2sluncRpJSLRBOOZ4t6CXN07EwCcLpUEqzZyBCEJTW3OniAJMLaxGSbEPzFl5dJ/aTse2X /1qRxCjNk4RCOoAg+nEMFbqAKNcAg4BGe4cVKrCfr1XqbtWas+cwB/IH1/gNSMpLH</latexit><latexit sha1_base64="TaZwz/ZOwqDIOLXegVWPpCxhsRk=" >AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7ouix4MVjBfsB7VqyabYNzWZDkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmhZIz bTzv2ymsrW9sbhW3Szu7e/sH5cOjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh+Hbmt5+o0iwRD2YiaRDjoWARI9hYqee68jHD1 avzqev2yxWv5s2BVomfkwrkaPTLX71BQtKYCkM41rrre9IEGVaGEU6npV6qqcRkjIe0a6nAMdVBNr95is6sMkBRomwJg+bq74kMx1 pP4tB2xtiM9LI3E//zuqmJboKMCZkaKshiUZRyZBI0CwANmKLE8IklmChmb0VkhBUmxsZUsiH4yy+vktZFzfdq/r1XqV/mcRThBE6 hCj5cQx3uoAFNICDhGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AbyXkB0=</latexit>
pb(4)
<latexit sha1_base64="z3y33cA4ydL22YjiiLwwuPrlPCQ= ">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCvIRdCejNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj1Z7z5Cf6Fk8dBEwsaiqpu urtCyZk2nvflrK1vbG5t53byu3v7B4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rploh7M5Y0iPFAsIgRbK zUdV35kIXl6vnEdXvFklfxZkCrxF+QUq3wfY0AoN4rfnb7CUljKgzhWOuO70kTZFgZRjid5LupphKTER7QjqUCx1QH2ezmCTqzS h9FibIlDJqpvycyHGs9jkPbGWMz1MveVPzP66QmugoyJmRqqCDzRVHKkUnQNADUZ4oSw8eWYKKYvRWRIVaYGBtT3obgL7+8Spo XFd+r+Hc2jSrMkYMTOIUy+HAJNbiFOjSAgIQneIFXJ3WenTfnfd665ixmjuEPnI8f4t2RtA==</latexit><latexit sha1_base64="ie/hg7HYhmxaO1v7DYyeBL6yhH4= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQ VHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6z OCtZE6jiPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZz RN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY0MwkczcisgQS0y0ick2IXj LL6+SxlnZc8verUmjAnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNSNJLH</latexit><latexit sha1_base64="ie/hg7HYhmxaO1v7DYyeBL6yhH4= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQ VHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6z OCtZE6jiPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZz RN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY0MwkczcisgQS0y0ick2IXj LL6+SxlnZc8verUmjAnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNSNJLH</latexit><latexit sha1_base64="ucbLuIP1Xrpby9wYYMd+awy2wxE= ">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7UtBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zM CyVn2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt 915WMWVuuXM9cdlCtezVsArRM/JxXI0RyUv/rDhKQxFYZwrHXP96QJMqwMI5zOSv1UU4nJBI9oz1KBY6qDbHHzDF1YZYiiRNkSB i3U3xMZjrWexqHtjLEZ61VvLv7n9VIT3QQZEzI1VJDloijlyCRoHgAaMkWJ4VNLMFHM3orIGCtMjI2pZEPwV19eJ+2rmu/V/Hu v0qjncRThDM6hCj5cQwPuoAktICDhGV7hzUmdF+fd+Vi2Fpx85hT+wPn8AbyZkB0=</latexit>
original
pb(4)
<latexit sha1_base64="z3y33cA4ydL22YjiiLwwuPrlPCQ= ">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCvIRdCejNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj1Z7z5Cf6Fk8dBEwsaiqpu urtCyZk2nvflrK1vbG5t53byu3v7B4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rploh7M5Y0iPFAsIgRbK zUdV35kIXl6vnEdXvFklfxZkCrxF+QUq3wfY0AoN4rfnb7CUljKgzhWOuO70kTZFgZRjid5LupphKTER7QjqUCx1QH2ezmCTqzS h9FibIlDJqpvycyHGs9jkPbGWMz1MveVPzP66QmugoyJmRqqCDzRVHKkUnQNADUZ4oSw8eWYKKYvRWRIVaYGBtT3obgL7+8Spo XFd+r+Hc2jSrMkYMTOIUy+HAJNbiFOjSAgIQneIFXJ3WenTfnfd665ixmjuEPnI8f4t2RtA==</latexit><latexit sha1_base64="ie/hg7HYhmxaO1v7DYyeBL6yhH4= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQ VHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6z OCtZE6jiPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZz RN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY0MwkczcisgQS0y0ick2IXj LL6+SxlnZc8verUmjAnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNSNJLH</latexit><latexit sha1_base64="ie/hg7HYhmxaO1v7DYyeBL6yhH4= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQ VHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6z OCtZE6jiPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZz RN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY0MwkczcisgQS0y0ick2IXj LL6+SxlnZc8verUmjAnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNSNJLH</latexit><latexit sha1_base64="ucbLuIP1Xrpby9wYYMd+awy2wxE= ">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7UtBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zM CyVn2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt 915WMWVuuXM9cdlCtezVsArRM/JxXI0RyUv/rDhKQxFYZwrHXP96QJMqwMI5zOSv1UU4nJBI9oz1KBY6qDbHHzDF1YZYiiRNkSB i3U3xMZjrWexqHtjLEZ61VvLv7n9VIT3QQZEzI1VJDloijlyCRoHgAaMkWJ4VNLMFHM3orIGCtMjI2pZEPwV19eJ+2rmu/V/Hu v0qjncRThDM6hCj5cQwPuoAktICDhGV7hzUmdF+fd+Vi2Fpx85hT+wPn8AbyZkB0=</latexit>
pb(3)
<latexit sha1_base64="Rdehw+rWDrl5HeTmPV3cXnBS1yA= ">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCvIRdFfRmwIvHCOYByRpmJ7PJkNnZYWZWCEt+w4sHRbz6M978BP/CyeOgiQUNRVU3 3V2h5Ewbz/tyVlbX1jc2c1v57Z3dvUJx/6Chk1QRWicJT1QrxJpyJmjdMMNpSyqK45DTZji8mfjNR6o0S8S9GUkaxLgvWMQINl bquK58yMLy+enYdbvFklfxpkDLxJ+TUrXwfY0AoNYtfnZ6CUljKgzhWOu270kTZFgZRjgd5zupphKTIe7TtqUCx1QH2fTmMTqxS g9FibIlDJqqvycyHGs9ikPbGWMz0IveRPzPa6cmugoyJmRqqCCzRVHKkUnQJADUY4oSw0eWYKKYvRWRAVaYGBtT3obgL768TBp nFd+r+Hc2jQuYIQdHcAxl8OESqnALNagDAQlP8AKvTuo8O2/O+6x1xZnPHMIfOB8/4VWRsw==</latexit><latexit sha1_base64="3/KVxTlcb+92MWrUiHOzwnvHY4A= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJJewq4LeDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgo qrrp7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THs VIG6ntuuI+DYunpbHrdvIFr+xN4SwTf04Kldz3Zcn+uK528p/tboyTiHCNGVKq5XtCBymSmmJGxnY7UUQgPER90jKUo4ioIJ3eP HaOjdJ1erE0xbUzVX9PpChSahSFpjNCeqAWvYn4n9dKdO8iSCkXiSYczxb1Eubo2JkE4HSpJFizkSEIS2pudfAASYS1ick2Ifi LLy+T+knZ98r+rUnjDGbIwiEcQRF8OIcK3EAVaoBBwCM8w4uVWE/Wq/U2a81Y85kD+APr/QdQrJLG</latexit><latexit sha1_base64="3/KVxTlcb+92MWrUiHOzwnvHY4A= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJJewq4LeDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgo qrrp7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THs VIG6ntuuI+DYunpbHrdvIFr+xN4SwTf04Kldz3Zcn+uK528p/tboyTiHCNGVKq5XtCBymSmmJGxnY7UUQgPER90jKUo4ioIJ3eP HaOjdJ1erE0xbUzVX9PpChSahSFpjNCeqAWvYn4n9dKdO8iSCkXiSYczxb1Eubo2JkE4HSpJFizkSEIS2pudfAASYS1ick2Ifi LLy+T+knZ98r+rUnjDGbIwiEcQRF8OIcK3EAVaoBBwCM8w4uVWE/Wq/U2a81Y85kD+APr/QdQrJLG</latexit><latexit sha1_base64="hNlwvxH5+5fq6lU+wbAQIh6/JNk= ">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7Kuix4MVjBfsB7VqyabYNzWZDkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbm hZIzbTzv2ymsrW9sbhW3Szu7e/sH5cOjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh+Hbmt5+o0iwRD2YiaRDjoWARI9hYqe e68jELq5fnU9ftlytezZsDrRI/JxXI0eiXv3qDhKQxFYZwrHXX96QJMqwMI5xOS71UU4nJGA9p11KBY6qDbH7zFJ1ZZYCiRNkSB s3V3xMZjrWexKHtjLEZ6WVvJv7ndVMT3QQZEzI1VJDFoijlyCRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwl19eJa2Lmu/V/Hu vUr/K4yjCCZxCFXy4hjrcQQOaQEDCM7zCm5M6L86787FoLTj5zDH8gfP5A7sRkBw=</latexit>
pa(1)
<latexit sha1_base64="6NmC 3Mybq5S8wsw2WOrcbXMd1fU=">AAAB83icbVDLSgNBEOyNrxgf iXr0MpgV4iXsiqA3A148RjAPSNYwO5lNhszODjOzQljyG148KOL Vn/HmJ/gXTh4HTSxoKKq66e4KJWfaeN6Xk1tb39jcym8Xdnb39 oulg8OmTlJFaIMkPFHtEGvKmaANwwynbakojkNOW+HoZuq3HqnS LBH3ZixpEOOBYBEj2Fip67ryIcMV/2ziur1S2at6M6BV4i9IuV b8vkYAUO+VPrv9hKQxFYZwrHXH96QJMqwMI5xOCt1UU4nJCA9o x1KBY6qDbHbzBJ1apY+iRNkSBs3U3xMZjrUex6HtjLEZ6mVvKv7 ndVITXQUZEzI1VJD5oijlyCRoGgDqM0WJ4WNLMFHM3orIECtMj I2pYEPwl19eJc3zqu9V/TubxgXMkYdjOIEK+HAJNbiFOjSAgIQn eIFXJ3WenTfnfd6acxYzR/AHzscP3LuRsA==</latexit><latexit sha1_base64="9/54 NxFYNLEaYHev2FvXV2MrPO8=">AAAB83icbVDLSsNAFL3xWeOj VZduBhuh3ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoUibv0 C/8Kdn+BfOH0stPXAhcM593LvPYHgTGnX/bJWVtfWNzZzW/b2z u5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmMLya+M0H KhVL4js9EtSPcD9mISNYG6njOOI+wyWvPHacbqHoVtwp0DLx5q RYzX9flu2P61q38NnpJSSNaKwJx0q1PVdoP8NSM8Lp2O6kigpM hrhP24bGOKLKz6Y3j9GJUXooTKSpWKOp+nsiw5FSoygwnRHWA7X oTcT/vHaqwws/Y7FINY3JbFGYcqQTNAkA9ZikRPORIZhIZm5FZ IAlJtrEZJsQvMWXl0njtOK5Fe/WpHEGM+TgCI6hBB6cQxVuoAZ1 ICDgEZ7hxUqtJ+vVepu1rljzmUP4A+v9B0wSksM=</latexit><latexit sha1_base64="9/54 NxFYNLEaYHev2FvXV2MrPO8=">AAAB83icbVDLSsNAFL3xWeOj VZduBhuh3ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoUibv0 C/8Kdn+BfOH0stPXAhcM593LvPYHgTGnX/bJWVtfWNzZzW/b2z u5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmMLya+M0H KhVL4js9EtSPcD9mISNYG6njOOI+wyWvPHacbqHoVtwp0DLx5q RYzX9flu2P61q38NnpJSSNaKwJx0q1PVdoP8NSM8Lp2O6kigpM hrhP24bGOKLKz6Y3j9GJUXooTKSpWKOp+nsiw5FSoygwnRHWA7X oTcT/vHaqwws/Y7FINY3JbFGYcqQTNAkA9ZikRPORIZhIZm5FZ IAlJtrEZJsQvMWXl0njtOK5Fe/WpHEGM+TgCI6hBB6cQxVuoAZ1 ICDgEZ7hxUqtJ+vVepu1rljzmUP4A+v9B0wSksM=</latexit><latexit sha1_base64="haa9 LFUUE8ItorxAt5PX96Bbwok=">AAAB83icbVBNSwMxEJ2tX7V+ VT16CXaFeim7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPp nvPlvTNs9aOuDgcd7M8zMCyVn2njet1PY2Nza3inulvb2Dw6Py scnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVki HsxU0iDGI8EiRrCxUt915WOGq/7lzHUH5YpX8xZA68TPSQVyNA flr/4wIWlMhSEca93zPWmCDCvDCKezUj/VVGIywSPas1TgmOog W9w8QxdWGaIoUbaEQQv190SGY62ncWg7Y2zGetWbi/95vdREN0H GhEwNFWS5KEo5MgmaB4CGTFFi+NQSTBSztyIyxgoTY2Mq2RD81 ZfXSbte872af+9VGld5HEU4g3Oogg/X0IA7aEILCEh4hld4c1Ln xXl3PpatBSefOYU/cD5/ALZ3kBk=</latexit>
pb(2)
<latexit sha1_base64="/hPsLaocu1T7td0m7UwRoBRmYzM= ">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCvITdIOjNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj1Z7z5Cf6Fk8dBEwsaiqpu urtCyZk2nvflrK1vbG5t53byu3v7B4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rploh7M5Y0iPFAsIgRbK zUdV35kIXl6vnEdXvFklfxZkCrxF+QUq3wfY0AoN4rfnb7CUljKgzhWOuO70kTZFgZRjid5LupphKTER7QjqUCx1QH2ezmCTqzS h9FibIlDJqpvycyHGs9jkPbGWMz1MveVPzP66QmugoyJmRqqCDzRVHKkUnQNADUZ4oSw8eWYKKYvRWRIVaYGBtT3obgL7+8Spr Viu9V/DubxgXMkYMTOIUy+HAJNbiFOjSAgIQneIFXJ3WenTfnfd665ixmjuEPnI8f382Rsg==</latexit><latexit sha1_base64="c5Hf2uNXiLe5AtrsoOSAO7EtMAY= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewGwS9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQ VHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6z OCtZE6jiPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZz RN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY0MwkczcisgQS0y0ick2IXj LL6+SRqXsuWXv1qRxBnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNPJJLF</latexit><latexit sha1_base64="c5Hf2uNXiLe5AtrsoOSAO7EtMAY= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewGwS9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQ VHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6z OCtZE6jiPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZz RN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY0MwkczcisgQS0y0ick2IXj LL6+SRqXsuWXv1qRxBnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNPJJLF</latexit><latexit sha1_base64="mTypRyOMCZ7kdg/AZxUVFXfRfdk= ">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zM CyVn2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt 915WMWVuuXM9cdlCtezVsArRM/JxXI0RyUv/rDhKQxFYZwrHXP96QJMqwMI5zOSv1UU4nJBI9oz1KBY6qDbHHzDF1YZYiiRNkSB i3U3xMZjrWexqHtjLEZ61VvLv7n9VIT3QQZEzI1VJDloijlyCRoHgAaMkWJ4VNLMFHM3orIGCtMjI2pZEPwV19eJ+16zfdq/r1 XaVzlcRThDM6hCj5cQwPuoAktICDhGV7hzUmdF+fd+Vi2Fpx85hT+wPn8AbmJkBs=</latexit>
pb(1)
<latexit sha1_base64="nP8 exoJ0+gGxjtu+5vSNnxoHIuQ=">AAAB83icbVDLSgNBEOyNrx gfiXr0MpgV4iXsiqA3A148RjAPSNYwO5lNhszODjOzQljyG14 8KOLVn/HmJ/gXTh4HTSxoKKq66e4KJWfaeN6Xk1tb39jcym8Xd nb39oulg8OmTlJFaIMkPFHtEGvKmaANwwynbakojkNOW+HoZu q3HqnSLBH3ZixpEOOBYBEj2Fip67ryIQsr/tnEdXulslf1ZkC rxF+Qcq34fY0AoN4rfXb7CUljKgzhWOuO70kTZFgZRjidFLqp phKTER7QjqUCx1QH2ezmCTq1Sh9FibIlDJqpvycyHGs9jkPbG WMz1MveVPzP66QmugoyJmRqqCDzRVHKkUnQNADUZ4oSw8eWYK KYvRWRIVaYGBtTwYbgL7+8SprnVd+r+nc2jQuYIw/HcAIV8OES anALdWgAAQlP8AKvTuo8O2/O+7w15yxmjuAPnI8f3kWRsQ==< /latexit><latexit sha1_base64="2zs pDZX9D/bMZwv1LzuuVjfpi0I=">AAAB83icbVDLSsNAFL3xWe OjVZduBhuh3ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoU ibv0C/8Kdn+BfOH0stPXAhcM593LvPYHgTGnX/bJWVtfWNzZzW /b2zu5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmML ya+M0HKhVL4js9EtSPcD9mISNYG6njOOI+C0peeew43ULRrbh ToGXizUmxmv++LNsf17Vu4bPTS0ga0VgTjpVqe67QfoalZoTT sd1JFRWYDHGftg2NcUSVn01vHqMTo/RQmEhTsUZT9fdEhiOlR lFgOiOsB2rRm4j/ee1Uhxd+xmKRahqT2aIw5UgnaBIA6jFJie YjQzCRzNyKyABLTLSJyTYheIsvL5PGacVzK96tSeMMZsjBERxD CTw4hyrcQA3qQEDAIzzDi5VaT9ar9TZrXbHmM4fwB9b7D02ck sQ=</latexit><latexit sha1_base64="2zs pDZX9D/bMZwv1LzuuVjfpi0I=">AAAB83icbVDLSsNAFL3xWe OjVZduBhuh3ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoU ibv0C/8Kdn+BfOH0stPXAhcM593LvPYHgTGnX/bJWVtfWNzZzW /b2zu5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmML ya+M0HKhVL4js9EtSPcD9mISNYG6njOOI+C0peeew43ULRrbh ToGXizUmxmv++LNsf17Vu4bPTS0ga0VgTjpVqe67QfoalZoTT sd1JFRWYDHGftg2NcUSVn01vHqMTo/RQmEhTsUZT9fdEhiOlR lFgOiOsB2rRm4j/ee1Uhxd+xmKRahqT2aIw5UgnaBIA6jFJie YjQzCRzNyKyABLTLSJyTYheIsvL5PGacVzK96tSeMMZsjBERxD CTw4hyrcQA3qQEDAIzzDi5VaT9ar9TZrXbHmM4fwB9b7D02ck sQ=</latexit><latexit sha1_base64="Qm0 udL7tEFQ9iXZp/hHhsq1UmlE=">AAAB83icbVBNSwMxEJ2tX7 V+VT16CXaFeim7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/Diwd FvPpnvPlvTNs9aOuDgcd7M8zMCyVn2njet1PY2Nza3inulvb2D w6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7z xRpVkiHsxU0iDGI8EiRrCxUt915WMWVv3LmesOyhWv5i2A1om fkwrkaA7KX/1hQtKYCkM41rrne9IEGVaGEU5npX6qqcRkgke0 Z6nAMdVBtrh5hi6sMkRRomwJgxbq74kMx1pP49B2xtiM9ao3F //zeqmJboKMCZkaKshyUZRyZBI0DwANmaLE8KklmChmb0VkjB UmxsZUsiH4qy+vk3a95ns1/96rNK7yOIpwBudQBR+uoQF30IQW EJDwDK/w5qTOi/PufCxbC04+cwp/4Hz+ALgBkBo=</latexit >
cross-group ordering 1 
predicted ranking score
pb(4)
<latexit sha1_base64="z3y33cA4ydL22YjiiLwwuPrlPCQ= ">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCvIRdCejNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj1Z7z5Cf6Fk8dBEwsaiqpu urtCyZk2nvflrK1vbG5t53byu3v7B4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rploh7M5Y0iPFAsIgRbK zUdV35kIXl6vnEdXvFklfxZkCrxF+QUq3wfY0AoN4rfnb7CUljKgzhWOuO70kTZFgZRjid5LupphKTER7QjqUCx1QH2ezmCTqzS h9FibIlDJqpvycyHGs9jkPbGWMz1MveVPzP66QmugoyJmRqqCDzRVHKkUnQNADUZ4oSw8eWYKKYvRWRIVaYGBtT3obgL7+8Spo XFd+r+Hc2jSrMkYMTOIUy+HAJNbiFOjSAgIQneIFXJ3WenTfnfd665ixmjuEPnI8f4t2RtA==</latexit><latexit sha1_base64="ie/hg7HYhmxaO1v7DYyeBL6yhH4= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQ VHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6z OCtZE6jiPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZz RN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY0MwkczcisgQS0y0ick2IXj LL6+SxlnZc8verUmjAnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNSNJLH</latexit><latexit sha1_base64="ie/hg7HYhmxaO1v7DYyeBL6yhH4= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQ VHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6z OCtZE6jiPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZz RN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY0MwkczcisgQS0y0ick2IXj LL6+SxlnZc8verUmjAnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNSNJLH</latexit><latexit sha1_base64="ucbLuIP1Xrpby9wYYMd+awy2wxE= ">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7UtBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zM CyVn2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt 915WMWVuuXM9cdlCtezVsArRM/JxXI0RyUv/rDhKQxFYZwrHXP96QJMqwMI5zOSv1UU4nJBI9oz1KBY6qDbHHzDF1YZYiiRNkSB i3U3xMZjrWexqHtjLEZ61VvLv7n9VIT3QQZEzI1VJDloijlyCRoHgAaMkWJ4VNLMFHM3orIGCtMjI2pZEPwV19eJ+2rmu/V/Hu v0qjncRThDM6hCj5cQwPuoAktICDhGV7hzUmdF+fd+Vi2Fpx85hT+wPn8AbyZkB0=</latexit>
pa(3)
<latexit sha1_base64="ZvpE CIG/nnNAHSQzCSXLgawc1Ek=">AAAB83icbVDLSgNBEOz1GeMj UY9eBrNCvIRdFfRmwIvHCOYByRpmJ7PJkNnZYWZWCEt+w4sHRbz 6M978BP/CyeOgiQUNRVU33V2h5Ewbz/tyVlbX1jc2c1v57Z3dv UJx/6Chk1QRWicJT1QrxJpyJmjdMMNpSyqK45DTZji8mfjNR6o0 S8S9GUkaxLgvWMQINlbquK58yHD5/HTsut1iyat4U6Bl4s9JqV r4vkYAUOsWPzu9hKQxFYZwrHXb96QJMqwMI5yO851UU4nJEPdp 21KBY6qDbHrzGJ1YpYeiRNkSBk3V3xMZjrUexaHtjLEZ6EVvIv7 ntVMTXQUZEzI1VJDZoijlyCRoEgDqMUWJ4SNLMFHM3orIACtMj I0pb0PwF19eJo2ziu9V/DubxgXMkIMjOIYy+HAJVbiFGtSBgIQn eIFXJ3WenTfnfda64sxnDuEPnI8f38uRsg==</latexit><latexit sha1_base64="sW+L Hl56A7cNCK//oEDQEKhRYBM=">AAAB83icbVDLSgNBEOyNr7g+ EvXoZTErJJewq4LeDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIh Xv8C/8OYn+BdOHgdNLGgoqrrp7goFo0p73peVWVldW9/Ibtpb2 zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsP RCoa8zs9EiSIUJ/THsVIG6ntuuI+RcXT0th1O/mCV/amcJaJPy eFSu77smR/XFc7+c92N8ZJRLjGDCnV8j2hgxRJTTEjY7udKCIQ HqI+aRnKUURUkE5vHjvHRuk6vVia4tqZqr8nUhQpNYpC0xkhPVC L3kT8z2sluncRpJSLRBOOZ4t6CXN07EwCcLpUEqzZyBCEJTW3O niAJMLaxGSbEPzFl5dJ/aTse2X/1qRxBjNk4RCOoAg+nEMFbqAK NcAg4BGe4cVKrCfr1XqbtWas+cwB/IH1/gNPIpLF</latexit><latexit sha1_base64="sW+L Hl56A7cNCK//oEDQEKhRYBM=">AAAB83icbVDLSgNBEOyNr7g+ EvXoZTErJJewq4LeDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIh Xv8C/8OYn+BdOHgdNLGgoqrrp7goFo0p73peVWVldW9/Ibtpb2 zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsP RCoa8zs9EiSIUJ/THsVIG6ntuuI+RcXT0th1O/mCV/amcJaJPy eFSu77smR/XFc7+c92N8ZJRLjGDCnV8j2hgxRJTTEjY7udKCIQ HqI+aRnKUURUkE5vHjvHRuk6vVia4tqZqr8nUhQpNYpC0xkhPVC L3kT8z2sluncRpJSLRBOOZ4t6CXN07EwCcLpUEqzZyBCEJTW3O niAJMLaxGSbEPzFl5dJ/aTse2X/1qRxBjNk4RCOoAg+nEMFbqAK NcAg4BGe4cVKrCfr1XqbtWas+cwB/IH1/gNPIpLF</latexit><latexit sha1_base64="PwCz 3eNBP9hS71JqP5yfPxwWt2g=">AAAB83icbVBNSwMxEJ2tX7V+ VT16CXaFeim7Kuix4MVjBfsB7VqyabYNzWZDkhXK0r/hxYMiXv0 z3vw3pu0etPXBwOO9GWbmhZIzbTzv2ymsrW9sbhW3Szu7e/sH5 cOjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh+Hbmt5+o0iwR D2YiaRDjoWARI9hYqee68jHD1cvzqev2yxWv5s2BVomfkwrkaP TLX71BQtKYCkM41rrre9IEGVaGEU6npV6qqcRkjIe0a6nAMdVB Nr95is6sMkBRomwJg+bq74kMx1pP4tB2xtiM9LI3E//zuqmJboK MCZkaKshiUZRyZBI0CwANmKLE8IklmChmb0VkhBUmxsZUsiH4y y+vktZFzfdq/r1XqV/lcRThBE6hCj5cQx3uoAFNICDhGV7hzUmd F+fd+Vi0Fpx85hj+wPn8AbmHkBs=</latexit>
pb(3)
<latexit sha1_base64="Rdehw+rWDrl5HeTmPV3cXnBS1yA= ">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCvIRdFfRmwIvHCOYByRpmJ7PJkNnZYWZWCEt+w4sHRbz6M978BP/CyeOgiQUNRVU3 3V2h5Ewbz/tyVlbX1jc2c1v57Z3dvUJx/6Chk1QRWicJT1QrxJpyJmjdMMNpSyqK45DTZji8mfjNR6o0S8S9GUkaxLgvWMQINl bquK58yMLy+enYdbvFklfxpkDLxJ+TUrXwfY0AoNYtfnZ6CUljKgzhWOu270kTZFgZRjgd5zupphKTIe7TtqUCx1QH2fTmMTqxS g9FibIlDJqqvycyHGs9ikPbGWMz0IveRPzPa6cmugoyJmRqqCCzRVHKkUnQJADUY4oSw0eWYKKYvRWRAVaYGBtT3obgL768TBp nFd+r+Hc2jQuYIQdHcAxl8OESqnALNagDAQlP8AKvTuo8O2/O+6x1xZnPHMIfOB8/4VWRsw==</latexit><latexit sha1_base64="3/KVxTlcb+92MWrUiHOzwnvHY4A= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJJewq4LeDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgo qrrp7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THs VIG6ntuuI+DYunpbHrdvIFr+xN4SwTf04Kldz3Zcn+uK528p/tboyTiHCNGVKq5XtCBymSmmJGxnY7UUQgPER90jKUo4ioIJ3eP HaOjdJ1erE0xbUzVX9PpChSahSFpjNCeqAWvYn4n9dKdO8iSCkXiSYczxb1Eubo2JkE4HSpJFizkSEIS2pudfAASYS1ick2Ifi LLy+T+knZ98r+rUnjDGbIwiEcQRF8OIcK3EAVaoBBwCM8w4uVWE/Wq/U2a81Y85kD+APr/QdQrJLG</latexit><latexit sha1_base64="3/KVxTlcb+92MWrUiHOzwnvHY4A= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJJewq4LeDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgo qrrp7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THs VIG6ntuuI+DYunpbHrdvIFr+xN4SwTf04Kldz3Zcn+uK528p/tboyTiHCNGVKq5XtCBymSmmJGxnY7UUQgPER90jKUo4ioIJ3eP HaOjdJ1erE0xbUzVX9PpChSahSFpjNCeqAWvYn4n9dKdO8iSCkXiSYczxb1Eubo2JkE4HSpJFizkSEIS2pudfAASYS1ick2Ifi LLy+T+knZ98r+rUnjDGbIwiEcQRF8OIcK3EAVaoBBwCM8w4uVWE/Wq/U2a81Y85kD+APr/QdQrJLG</latexit><latexit sha1_base64="hNlwvxH5+5fq6lU+wbAQIh6/JNk= ">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7Kuix4MVjBfsB7VqyabYNzWZDkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbm hZIzbTzv2ymsrW9sbhW3Szu7e/sH5cOjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh+Hbmt5+o0iwRD2YiaRDjoWARI9hYqe e68jELq5fnU9ftlytezZsDrRI/JxXI0eiXv3qDhKQxFYZwrHXX96QJMqwMI5xOS71UU4nJGA9p11KBY6qDbH7zFJ1ZZYCiRNkSB s3V3xMZjrWexKHtjLEZ6WVvJv7ndVMT3QQZEzI1VJDFoijlyCRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwl19eJa2Lmu/V/Hu vUr/K4yjCCZxCFXy4hjrcQQOaQEDCM7zCm5M6L86787FoLTj5zDH8gfP5A7sRkBw=</latexit>
pa(2)
<latexit sha1_base64="nuJk wPA749lcH6RDqTZN9V4VxcE=">AAAB83icbVDLSgNBEOz1GeMj UY9eBrNCvITdIOjNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj 1Z7z5Cf6Fk8dBEwsaiqpuurtCyZk2nvflrK1vbG5t53byu3v7B 4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rp loh7M5Y0iPFAsIgRbKzUdV35kOFy9Xziur1iyat4M6BV4i9IqV b4vkYAUO8VP7v9hKQxFYZwrHXH96QJMqwMI5xO8t1UU4nJCA9o x1KBY6qDbHbzBJ1ZpY+iRNkSBs3U3xMZjrUex6HtjLEZ6mVvKv7 ndVITXQUZEzI1VJD5oijlyCRoGgDqM0WJ4WNLMFHM3orIECtMj I0pb0Pwl19eJc1qxfcq/p1N4wLmyMEJnEIZfLiEGtxCHRpAQMIT vMCrkzrPzpvzPm9dcxYzx/AHzscP3kORsQ==</latexit><latexit sha1_base64="hZ2Z LWlJsKnPCEquAMsL1iwefpc=">AAAB83icbVDLSgNBEOyNr7g+ EvXoZTArJJewGwS9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRG vfoF/4c1P8C+cPA6aWNBQVHXT3RUIzpR23S8rs7a+sbmV3bZ3d vf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+ UKlYHN3psaB+iAcR6zOCtZE6jiPuU1yslCaO080X3LI7A1ol3o IUqrnvy5L9cV3r5j87vZgkIY004ViptucK7adYakY4ndidRFGB yQgPaNvQCIdU+ens5gk6NUoP9WNpKtJopv6eSHGo1DgMTGeI9VA te1PxP6+d6P6Fn7JIJJpGZL6on3CkYzQNAPWYpETzsSGYSGZuR WSIJSbaxGSbELzll1dJo1L23LJ3a9I4gzmycAwnUAQPzqEKN1CD OhAQ8AjP8GIl1pP1ar3NWzPWYuYI/sB6/wFNmpLE</latexit><latexit sha1_base64="hZ2Z LWlJsKnPCEquAMsL1iwefpc=">AAAB83icbVDLSgNBEOyNr7g+ EvXoZTArJJewGwS9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRG vfoF/4c1P8C+cPA6aWNBQVHXT3RUIzpR23S8rs7a+sbmV3bZ3d vf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+ UKlYHN3psaB+iAcR6zOCtZE6jiPuU1yslCaO080X3LI7A1ol3o IUqrnvy5L9cV3r5j87vZgkIY004ViptucK7adYakY4ndidRFGB yQgPaNvQCIdU+ens5gk6NUoP9WNpKtJopv6eSHGo1DgMTGeI9VA te1PxP6+d6P6Fn7JIJJpGZL6on3CkYzQNAPWYpETzsSGYSGZuR WSIJSbaxGSbELzll1dJo1L23LJ3a9I4gzmycAwnUAQPzqEKN1CD OhAQ8AjP8GIl1pP1ar3NWzPWYuYI/sB6/wFNmpLE</latexit><latexit sha1_base64="05uH PXUBkHjvGHq3XCVrLl8t4q4=">AAAB83icbVBNSwMxEJ2tX7V+ VT16CXaFeim7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPp nvPlvTNs9aOuDgcd7M8zMCyVn2njet1PY2Nza3inulvb2Dw6Py scnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVki HsxU0iDGI8EiRrCxUt915WOGq/XLmesOyhWv5i2A1omfkwrkaA 7KX/1hQtKYCkM41rrne9IEGVaGEU5npX6qqcRkgke0Z6nAMdVB trh5hi6sMkRRomwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboK MCZkaKshyUZRyZBI0DwANmaLE8KklmChmb0VkjBUmxsZUsiH4q y+vk3a95ns1/96rNK7yOIpwBudQBR+uoQF30IQWEJDwDK/w5qTO i/PufCxbC04+cwp/4Hz+ALf/kBo=</latexit>
pb(2)
<latexit sha1_base64="/hPsLaocu1T7td0m7UwRoBRmYzM= ">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCvITdIOjNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj1Z7z5Cf6Fk8dBEwsaiqpu urtCyZk2nvflrK1vbG5t53byu3v7B4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rploh7M5Y0iPFAsIgRbK zUdV35kIXl6vnEdXvFklfxZkCrxF+QUq3wfY0AoN4rfnb7CUljKgzhWOuO70kTZFgZRjid5LupphKTER7QjqUCx1QH2ezmCTqzS h9FibIlDJqpvycyHGs9jkPbGWMz1MveVPzP66QmugoyJmRqqCDzRVHKkUnQNADUZ4oSw8eWYKKYvRWRIVaYGBtT3obgL7+8Spr Viu9V/DubxgXMkYMTOIUy+HAJNbiFOjSAgIQneIFXJ3WenTfnfd665ixmjuEPnI8f382Rsg==</latexit><latexit sha1_base64="c5Hf2uNXiLe5AtrsoOSAO7EtMAY= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewGwS9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQ VHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6z OCtZE6jiPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZz RN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY0MwkczcisgQS0y0ick2IXj LL6+SRqXsuWXv1qRxBnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNPJJLF</latexit><latexit sha1_base64="c5Hf2uNXiLe5AtrsoOSAO7EtMAY= ">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewGwS9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQ VHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6z OCtZE6jiPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZz RN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY0MwkczcisgQS0y0ick2IXj LL6+SRqXsuWXv1qRxBnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNPJJLF</latexit><latexit sha1_base64="mTypRyOMCZ7kdg/AZxUVFXfRfdk= ">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zM CyVn2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt 915WMWVuuXM9cdlCtezVsArRM/JxXI0RyUv/rDhKQxFYZwrHXP96QJMqwMI5zOSv1UU4nJBI9oz1KBY6qDbHHzDF1YZYiiRNkSB i3U3xMZjrWexqHtjLEZ61VvLv7n9VIT3QQZEzI1VJDloijlyCRoHgAaMkWJ4VNLMFHM3orIGCtMjI2pZEPwV19eJ+16zfdq/r1 XaVzlcRThDM6hCj5cQwPuoAktICDhGV7hzUmdF+fd+Vi2Fpx85hT+wPn8AbmJkBs=</latexit>
pa(4)
<latexit sha1_base64="XTB0a8yWkVO85oem4f2SUqFlwPA=" >AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCvIRdCejNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj1Z7z5Cf6Fk8dBEwsaiqpuurtC yZk2nvflrK1vbG5t53byu3v7B4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rploh7M5Y0iPFAsIgRbKzUdV35k OFy9Xziur1iyat4M6BV4i9IqVb4vkYAUO8VP7v9hKQxFYZwrHXH96QJMqwMI5xO8t1UU4nJCA9ox1KBY6qDbHbzBJ1ZpY+iRNkSBs 3U3xMZjrUex6HtjLEZ6mVvKv7ndVITXQUZEzI1VJD5oijlyCRoGgDqM0WJ4WNLMFHM3orIECtMjI0pb0Pwl19eJc2Liu9V/DubRhX myMEJnEIZfLiEGtxCHRpAQMITvMCrkzrPzpvzPm9dcxYzx/AHzscP4VORsw==</latexit><latexit sha1_base64="RfkY6RZVBYdCqx50XKim8zYYnk4=" >AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQVHXT 3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6zOCtZE6j iPuU1yslCaO080X3LI7A1ol3oIUqrnvy5L9cV3r5j87vZgkIY004ViptucK7adYakY4ndidRFGByQgPaNvQCIdU+ens5gk6NUoP9W NpKtJopv6eSHGo1DgMTGeI9VAte1PxP6+d6P6Fn7JIJJpGZL6on3CkYzQNAPWYpETzsSGYSGZuRWSIJSbaxGSbELzll1dJ46zsuWX v1qRRgTmycAwnUAQPzqEKN1CDOhAQ8AjP8GIl1pP1ar3NWzPWYuYI/sB6/wFQqpLG</latexit><latexit sha1_base64="RfkY6RZVBYdCqx50XKim8zYYnk4=" >AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJJewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQVHXT 3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6zOCtZE6j iPuU1yslCaO080X3LI7A1ol3oIUqrnvy5L9cV3r5j87vZgkIY004ViptucK7adYakY4ndidRFGByQgPaNvQCIdU+ens5gk6NUoP9W NpKtJopv6eSHGo1DgMTGeI9VAte1PxP6+d6P6Fn7JIJJpGZL6on3CkYzQNAPWYpETzsSGYSGZuRWSIJSbaxGSbELzll1dJ46zsuWX v1qRRgTmycAwnUAQPzqEKN1CDOhAQ8AjP8GIl1pP1ar3NWzPWYuYI/sB6/wFQqpLG</latexit><latexit sha1_base64="bW0p0BEYQ6G9TMENpq6gqLxxRV0=" >AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7UtBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyVn 2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt915WOGq /XLmesOyhWv5i2A1omfkwrkaA7KX/1hQtKYCkM41rrne9IEGVaGEU5npX6qqcRkgke0Z6nAMdVBtrh5hi6sMkRRomwJgxbq74kMx1 pP49B2xtiM9ao3F//zeqmJboKMCZkaKshyUZRyZBI0DwANmaLE8KklmChmb0VkjBUmxsZUsiH4qy+vk/ZVzfdq/r1XadTzOIpwBud QBR+uoQF30IQWEJDwDK/w5qTOi/PufCxbC04+cwp/4Hz+ALsPkBw=</latexit>
pa(5)
<latexit sha1_base64="iS7LkKf0Kwgj71/Y0FcW2CarJC8=" >AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCvIRdUfRmwIvHCOYByRpmJ7PJkNnZYWZWCEt+w4sHRbz6M978BP/CyeOgiQUNRVU33V2h 5Ewbz/tyVlbX1jc2c1v57Z3dvUJx/6Chk1QRWicJT1QrxJpyJmjdMMNpSyqK45DTZji8mfjNR6o0S8S9GUkaxLgvWMQINlbquK58y HD54nTsut1iyat4U6Bl4s9JqVr4vkYAUOsWPzu9hKQxFYZwrHXb96QJMqwMI5yO851UU4nJEPdp21KBY6qDbHrzGJ1YpYeiRNkSBk 3V3xMZjrUexaHtjLEZ6EVvIv7ntVMTXQUZEzI1VJDZoijlyCRoEgDqMUWJ4SNLMFHM3orIACtMjI0pb0PwF19eJo2ziu9V/Dubxjn MkIMjOIYy+HAJVbiFGtSBgIQneIFXJ3WenTfnfda64sxnDuEPnI8f4tuRtA==</latexit><latexit sha1_base64="FeRMn1eUsWVMfiEUQumHqqyodKk=" >AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJJewK4reDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgoqrrp 7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THsVIG6ntu uI+RcWz0th1O/mCV/amcJaJPyeFSu77smR/XFc7+c92N8ZJRLjGDCnV8j2hgxRJTTEjY7udKCIQHqI+aRnKUURUkE5vHjvHRuk6vV ia4tqZqr8nUhQpNYpC0xkhPVCL3kT8z2sluncRpJSLRBOOZ4t6CXN07EwCcLpUEqzZyBCEJTW3OniAJMLaxGSbEPzFl5dJ/aTse2X /1qRxCjNk4RCOoAg+nEMFbqAKNcAg4BGe4cVKrCfr1XqbtWas+cwB/IH1/gNSMpLH</latexit><latexit sha1_base64="FeRMn1eUsWVMfiEUQumHqqyodKk=" >AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJJewK4reDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgoqrrp 7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THsVIG6ntu uI+RcWz0th1O/mCV/amcJaJPyeFSu77smR/XFc7+c92N8ZJRLjGDCnV8j2hgxRJTTEjY7udKCIQHqI+aRnKUURUkE5vHjvHRuk6vV ia4tqZqr8nUhQpNYpC0xkhPVCL3kT8z2sluncRpJSLRBOOZ4t6CXN07EwCcLpUEqzZyBCEJTW3OniAJMLaxGSbEPzFl5dJ/aTse2X /1qRxCjNk4RCOoAg+nEMFbqAKNcAg4BGe4cVKrCfr1XqbtWas+cwB/IH1/gNSMpLH</latexit><latexit sha1_base64="TaZwz/ZOwqDIOLXegVWPpCxhsRk=" >AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7ouix4MVjBfsB7VqyabYNzWZDkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmhZIz bTzv2ymsrW9sbhW3Szu7e/sH5cOjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh+Hbmt5+o0iwRD2YiaRDjoWARI9hYqee68jHD1 avzqev2yxWv5s2BVomfkwrkaPTLX71BQtKYCkM41rrre9IEGVaGEU6npV6qqcRkjIe0a6nAMdVBNr95is6sMkBRomwJg+bq74kMx1 pP4tB2xtiM9LI3E//zuqmJboKMCZkaKshiUZRyZBI0CwANmKLE8IklmChmb0VkhBUmxsZUsiH4yy+vktZFzfdq/r1XqV/mcRThBE6 hCj5cQx3uoAFNICDhGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AbyXkB0=</latexit>
group b
group a
label 0
label 1
pb(1)
<latexit sha1_base64="nP8 exoJ0+gGxjtu+5vSNnxoHIuQ=">AAAB83icbVDLSgNBEOyNrx gfiXr0MpgV4iXsiqA3A148RjAPSNYwO5lNhszODjOzQljyG14 8KOLVn/HmJ/gXTh4HTSxoKKq66e4KJWfaeN6Xk1tb39jcym8Xd nb39oulg8OmTlJFaIMkPFHtEGvKmaANwwynbakojkNOW+HoZu q3HqnSLBH3ZixpEOOBYBEj2Fip67ryIQsr/tnEdXulslf1ZkC rxF+Qcq34fY0AoN4rfXb7CUljKgzhWOuO70kTZFgZRjidFLqp phKTER7QjqUCx1QH2ezmCTq1Sh9FibIlDJqpvycyHGs9jkPbG WMz1MveVPzP66QmugoyJmRqqCDzRVHKkUnQNADUZ4oSw8eWYK KYvRWRIVaYGBtTwYbgL7+8SprnVd+r+nc2jQuYIw/HcAIV8OES anALdWgAAQlP8AKvTuo8O2/O+7w15yxmjuAPnI8f3kWRsQ==< /latexit><latexit sha1_base64="2zs pDZX9D/bMZwv1LzuuVjfpi0I=">AAAB83icbVDLSsNAFL3xWe OjVZduBhuh3ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoU ibv0C/8Kdn+BfOH0stPXAhcM593LvPYHgTGnX/bJWVtfWNzZzW /b2zu5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmML ya+M0HKhVL4js9EtSPcD9mISNYG6njOOI+C0peeew43ULRrbh ToGXizUmxmv++LNsf17Vu4bPTS0ga0VgTjpVqe67QfoalZoTT sd1JFRWYDHGftg2NcUSVn01vHqMTo/RQmEhTsUZT9fdEhiOlR lFgOiOsB2rRm4j/ee1Uhxd+xmKRahqT2aIw5UgnaBIA6jFJie YjQzCRzNyKyABLTLSJyTYheIsvL5PGacVzK96tSeMMZsjBERxD CTw4hyrcQA3qQEDAIzzDi5VaT9ar9TZrXbHmM4fwB9b7D02ck sQ=</latexit><latexit sha1_base64="2zs pDZX9D/bMZwv1LzuuVjfpi0I=">AAAB83icbVDLSsNAFL3xWe OjVZduBhuh3ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoU ibv0C/8Kdn+BfOH0stPXAhcM593LvPYHgTGnX/bJWVtfWNzZzW /b2zu5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmML ya+M0HKhVL4js9EtSPcD9mISNYG6njOOI+C0peeew43ULRrbh ToGXizUmxmv++LNsf17Vu4bPTS0ga0VgTjpVqe67QfoalZoTT sd1JFRWYDHGftg2NcUSVn01vHqMTo/RQmEhTsUZT9fdEhiOlR lFgOiOsB2rRm4j/ee1Uhxd+xmKRahqT2aIw5UgnaBIA6jFJie YjQzCRzNyKyABLTLSJyTYheIsvL5PGacVzK96tSeMMZsjBERxD CTw4hyrcQA3qQEDAIzzDi5VaT9ar9TZrXbHmM4fwB9b7D02ck sQ=</latexit><latexit sha1_base64="Qm0 udL7tEFQ9iXZp/hHhsq1UmlE=">AAAB83icbVBNSwMxEJ2tX7 V+VT16CXaFeim7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/Diwd FvPpnvPlvTNs9aOuDgcd7M8zMCyVn2njet1PY2Nza3inulvb2D w6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7z xRpVkiHsxU0iDGI8EiRrCxUt915WMWVv3LmesOyhWv5i2A1om fkwrkaA7KX/1hQtKYCkM41rrne9IEGVaGEU5npX6qqcRkgke0 Z6nAMdVBtrh5hi6sMkRRomwJgxbq74kMx1pP49B2xtiM9ao3F //zeqmJboKMCZkaKshyUZRyZBI0DwANmaLE8KklmChmb0VkjB UmxsZUsiH4qy+vk3a95ns1/96rNK7yOIpwBudQBR+uoQF30IQW EJDwDK/w5qTOi/PufCxbC04+cwp/4Hz+ALgBkBo=</latexit >
pa(1)
<latexit sha1_base64="6NmC 3Mybq5S8wsw2WOrcbXMd1fU=">AAAB83icbVDLSgNBEOyNrxgf iXr0MpgV4iXsiqA3A148RjAPSNYwO5lNhszODjOzQljyG148KOL Vn/HmJ/gXTh4HTSxoKKq66e4KJWfaeN6Xk1tb39jcym8Xdnb39 oulg8OmTlJFaIMkPFHtEGvKmaANwwynbakojkNOW+HoZuq3HqnS LBH3ZixpEOOBYBEj2Fip67ryIcMV/2ziur1S2at6M6BV4i9IuV b8vkYAUO+VPrv9hKQxFYZwrHXH96QJMqwMI5xOCt1UU4nJCA9o x1KBY6qDbHbzBJ1apY+iRNkSBs3U3xMZjrUex6HtjLEZ6mVvKv7 ndVITXQUZEzI1VJD5oijlyCRoGgDqM0WJ4WNLMFHM3orIECtMj I2pYEPwl19eJc3zqu9V/TubxgXMkYdjOIEK+HAJNbiFOjSAgIQn eIFXJ3WenTfnfd6acxYzR/AHzscP3LuRsA==</latexit><latexit sha1_base64="9/54 NxFYNLEaYHev2FvXV2MrPO8=">AAAB83icbVDLSsNAFL3xWeOj VZduBhuh3ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoUibv0 C/8Kdn+BfOH0stPXAhcM593LvPYHgTGnX/bJWVtfWNzZzW/b2z u5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmMLya+M0H KhVL4js9EtSPcD9mISNYG6njOOI+wyWvPHacbqHoVtwp0DLx5q RYzX9flu2P61q38NnpJSSNaKwJx0q1PVdoP8NSM8Lp2O6kigpM hrhP24bGOKLKz6Y3j9GJUXooTKSpWKOp+nsiw5FSoygwnRHWA7X oTcT/vHaqwws/Y7FINY3JbFGYcqQTNAkA9ZikRPORIZhIZm5FZ IAlJtrEZJsQvMWXl0njtOK5Fe/WpHEGM+TgCI6hBB6cQxVuoAZ1 ICDgEZ7hxUqtJ+vVepu1rljzmUP4A+v9B0wSksM=</latexit><latexit sha1_base64="9/54 NxFYNLEaYHev2FvXV2MrPO8=">AAAB83icbVDLSsNAFL3xWeOj VZduBhuh3ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoUibv0 C/8Kdn+BfOH0stPXAhcM593LvPYHgTGnX/bJWVtfWNzZzW/b2z u5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmMLya+M0H KhVL4js9EtSPcD9mISNYG6njOOI+wyWvPHacbqHoVtwp0DLx5q RYzX9flu2P61q38NnpJSSNaKwJx0q1PVdoP8NSM8Lp2O6kigpM hrhP24bGOKLKz6Y3j9GJUXooTKSpWKOp+nsiw5FSoygwnRHWA7X oTcT/vHaqwws/Y7FINY3JbFGYcqQTNAkA9ZikRPORIZhIZm5FZ IAlJtrEZJsQvMWXl0njtOK5Fe/WpHEGM+TgCI6hBB6cQxVuoAZ1 ICDgEZ7hxUqtJ+vVepu1rljzmUP4A+v9B0wSksM=</latexit><latexit sha1_base64="haa9 LFUUE8ItorxAt5PX96Bbwok=">AAAB83icbVBNSwMxEJ2tX7V+ VT16CXaFeim7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPp nvPlvTNs9aOuDgcd7M8zMCyVn2njet1PY2Nza3inulvb2Dw6Py scnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVki HsxU0iDGI8EiRrCxUt915WOGq/7lzHUH5YpX8xZA68TPSQVyNA flr/4wIWlMhSEca93zPWmCDCvDCKezUj/VVGIywSPas1TgmOog W9w8QxdWGaIoUbaEQQv190SGY62ncWg7Y2zGetWbi/95vdREN0H GhEwNFWS5KEo5MgmaB4CGTFFi+NQSTBSztyIyxgoTY2Mq2RD81 ZfXSbte872af+9VGld5HEU4g3Oogg/X0IA7aEILCEh4hld4c1Ln xXl3PpatBSefOYU/cD5/ALZ3kBk=</latexit>
pa(1)
<latexit sha1_base64="6NmC 3Mybq5S8wsw2WOrcbXMd1fU=">AAAB83icbVDLSgNBEOyNrxgf iXr0MpgV4iXsiqA3A148RjAPSNYwO5lNhszODjOzQljyG148KOL Vn/HmJ/gXTh4HTSxoKKq66e4KJWfaeN6Xk1tb39jcym8Xdnb39 oulg8OmTlJFaIMkPFHtEGvKmaANwwynbakojkNOW+HoZuq3HqnS LBH3ZixpEOOBYBEj2Fip67ryIcMV/2ziur1S2at6M6BV4i9IuV b8vkYAUO+VPrv9hKQxFYZwrHXH96QJMqwMI5xOCt1UU4nJCA9o x1KBY6qDbHbzBJ1apY+iRNkSBs3U3xMZjrUex6HtjLEZ6mVvKv7 ndVITXQUZEzI1VJD5oijlyCRoGgDqM0WJ4WNLMFHM3orIECtMj I2pYEPwl19eJc3zqu9V/TubxgXMkYdjOIEK+HAJNbiFOjSAgIQn eIFXJ3WenTfnfd6acxYzR/AHzscP3LuRsA==</latexit><latexit sha1_base64="9/54 NxFYNLEaYHev2FvXV2MrPO8=">AAAB83icbVDLSsNAFL3xWeOj VZduBhuh3ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoUibv0 C/8Kdn+BfOH0stPXAhcM593LvPYHgTGnX/bJWVtfWNzZzW/b2z u5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmMLya+M0H KhVL4js9EtSPcD9mISNYG6njOOI+wyWvPHacbqHoVtwp0DLx5q RYzX9flu2P61q38NnpJSSNaKwJx0q1PVdoP8NSM8Lp2O6kigpM hrhP24bGOKLKz6Y3j9GJUXooTKSpWKOp+nsiw5FSoygwnRHWA7X oTcT/vHaqwws/Y7FINY3JbFGYcqQTNAkA9ZikRPORIZhIZm5FZ IAlJtrEZJsQvMWXl0njtOK5Fe/WpHEGM+TgCI6hBB6cQxVuoAZ1 ICDgEZ7hxUqtJ+vVepu1rljzmUP4A+v9B0wSksM=</latexit><latexit sha1_base64="9/54 NxFYNLEaYHev2FvXV2MrPO8=">AAAB83icbVDLSsNAFL3xWeOj VZduBhuh3ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoUibv0 C/8Kdn+BfOH0stPXAhcM593LvPYHgTGnX/bJWVtfWNzZzW/b2z u5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmMLya+M0H KhVL4js9EtSPcD9mISNYG6njOOI+wyWvPHacbqHoVtwp0DLx5q RYzX9flu2P61q38NnpJSSNaKwJx0q1PVdoP8NSM8Lp2O6kigpM hrhP24bGOKLKz6Y3j9GJUXooTKSpWKOp+nsiw5FSoygwnRHWA7X oTcT/vHaqwws/Y7FINY3JbFGYcqQTNAkA9ZikRPORIZhIZm5FZ IAlJtrEZJsQvMWXl0njtOK5Fe/WpHEGM+TgCI6hBB6cQxVuoAZ1 ICDgEZ7hxUqtJ+vVepu1rljzmUP4A+v9B0wSksM=</latexit><latexit sha1_base64="haa9 LFUUE8ItorxAt5PX96Bbwok=">AAAB83icbVBNSwMxEJ2tX7V+ VT16CXaFeim7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPp nvPlvTNs9aOuDgcd7M8zMCyVn2njet1PY2Nza3inulvb2Dw6Py scnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVki HsxU0iDGI8EiRrCxUt915WOGq/7lzHUH5YpX8xZA68TPSQVyNA flr/4wIWlMhSEca93zPWmCDCvDCKezUj/VVGIywSPas1TgmOog W9w8QxdWGaIoUbaEQQv190SGY62ncWg7Y2zGetWbi/95vdREN0H GhEwNFWS5KEo5MgmaB4CGTFFi+NQSTBSztyIyxgoTY2Mq2RD81 ZfXSbte872af+9VGld5HEU4g3Oogg/X0IA7aEILCEh4hld4c1Ln xXl3PpatBSefOYU/cD5/ALZ3kBk=</latexit>
pb(1)
<latexit sha1_base64="nP8exoJ0+gGxjtu+5vSNnxoHIuQ= ">AAAB83icbVDLSgNBEOyNrxgfiXr0MpgV4iXsiqA3A148RjAPSNYwO5lNhszODjOzQljyG148KOLVn/HmJ/gXTh4HTSxoKKq6 6e4KJWfaeN6Xk1tb39jcym8Xdnb39oulg8OmTlJFaIMkPFHtEGvKmaANwwynbakojkNOW+HoZuq3HqnSLBH3ZixpEOOBYBEj2F ip67ryIQsr/tnEdXulslf1ZkCrxF+Qcq34fY0AoN4rfXb7CUljKgzhWOuO70kTZFgZRjidFLqpphKTER7QjqUCx1QH2ezmCTq1S h9FibIlDJqpvycyHGs9jkPbGWMz1MveVPzP66QmugoyJmRqqCDzRVHKkUnQNADUZ4oSw8eWYKKYvRWRIVaYGBtTwYbgL7+8Spr nVd+r+nc2jQuYIw/HcAIV8OESanALdWgAAQlP8AKvTuo8O2/O+7w15yxmjuAPnI8f3kWRsQ==</latexit><latexit sha1_base64="2zspDZX9D/bMZwv1LzuuVjfpi0I= ">AAAB83icbVDLSsNAFL3xWeOjVZduBhuh3ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoUibv0C/8Kdn+BfOH0stPXAhcM5 93LvPYHgTGnX/bJWVtfWNzZzW/b2zu5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmMLya+M0HKhVL4js9EtSPcD9mIS NYG6njOOI+C0peeew43ULRrbhToGXizUmxmv++LNsf17Vu4bPTS0ga0VgTjpVqe67QfoalZoTTsd1JFRWYDHGftg2NcUSVn01vH qMTo/RQmEhTsUZT9fdEhiOlRlFgOiOsB2rRm4j/ee1Uhxd+xmKRahqT2aIw5UgnaBIA6jFJieYjQzCRzNyKyABLTLSJyTYheIs vL5PGacVzK96tSeMMZsjBERxDCTw4hyrcQA3qQEDAIzzDi5VaT9ar9TZrXbHmM4fwB9b7D02cksQ=</latexit><latexit sha1_base64="2zspDZX9D/bMZwv1LzuuVjfpi0I= ">AAAB83icbVDLSsNAFL3xWeOjVZduBhuh3ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoUibv0C/8Kdn+BfOH0stPXAhcM5 93LvPYHgTGnX/bJWVtfWNzZzW/b2zu5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmMLya+M0HKhVL4js9EtSPcD9mIS NYG6njOOI+C0peeew43ULRrbhToGXizUmxmv++LNsf17Vu4bPTS0ga0VgTjpVqe67QfoalZoTTsd1JFRWYDHGftg2NcUSVn01vH qMTo/RQmEhTsUZT9fdEhiOlRlFgOiOsB2rRm4j/ee1Uhxd+xmKRahqT2aIw5UgnaBIA6jFJieYjQzCRzNyKyABLTLSJyTYheIs vL5PGacVzK96tSeMMZsjBERxDCTw4hyrcQA3qQEDAIzzDi5VaT9ar9TZrXbHmM4fwB9b7D02cksQ=</latexit><latexit sha1_base64="Qm0udL7tEFQ9iXZp/hHhsq1UmlE= ">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFeim7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zM CyVn2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt 915WMWVv3LmesOyhWv5i2A1omfkwrkaA7KX/1hQtKYCkM41rrne9IEGVaGEU5npX6qqcRkgke0Z6nAMdVBtrh5hi6sMkRRomwJg xbq74kMx1pP49B2xtiM9ao3F//zeqmJboKMCZkaKshyUZRyZBI0DwANmaLE8KklmChmb0VkjBUmxsZUsiH4qy+vk3a95ns1/96 rNK7yOIpwBudQBR+uoQF30IQWEJDwDK/w5qTOi/PufCxbC04+cwp/4Hz+ALgBkBo=</latexit>
pa(2)
<latexit sha1_base64="nuJk wPA749lcH6RDqTZN9V4VxcE=">AAAB83icbVDLSgNBEOz1GeMj UY9eBrNCvITdIOjNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj 1Z7z5Cf6Fk8dBEwsaiqpuurtCyZk2nvflrK1vbG5t53byu3v7B 4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rp loh7M5Y0iPFAsIgRbKzUdV35kOFy9Xziur1iyat4M6BV4i9IqV b4vkYAUO8VP7v9hKQxFYZwrHXH96QJMqwMI5xO8t1UU4nJCA9o x1KBY6qDbHbzBJ1ZpY+iRNkSBs3U3xMZjrUex6HtjLEZ6mVvKv7 ndVITXQUZEzI1VJD5oijlyCRoGgDqM0WJ4WNLMFHM3orIECtMj I0pb0Pwl19eJc1qxfcq/p1N4wLmyMEJnEIZfLiEGtxCHRpAQMIT vMCrkzrPzpvzPm9dcxYzx/AHzscP3kORsQ==</latexit><latexit sha1_base64="hZ2Z LWlJsKnPCEquAMsL1iwefpc=">AAAB83icbVDLSgNBEOyNr7g+ EvXoZTArJJewGwS9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRG vfoF/4c1P8C+cPA6aWNBQVHXT3RUIzpR23S8rs7a+sbmV3bZ3d vf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+ UKlYHN3psaB+iAcR6zOCtZE6jiPuU1yslCaO080X3LI7A1ol3o IUqrnvy5L9cV3r5j87vZgkIY004ViptucK7adYakY4ndidRFGB yQgPaNvQCIdU+ens5gk6NUoP9WNpKtJopv6eSHGo1DgMTGeI9VA te1PxP6+d6P6Fn7JIJJpGZL6on3CkYzQNAPWYpETzsSGYSGZuR WSIJSbaxGSbELzll1dJo1L23LJ3a9I4gzmycAwnUAQPzqEKN1CD OhAQ8AjP8GIl1pP1ar3NWzPWYuYI/sB6/wFNmpLE</latexit><latexit sha1_base64="hZ2Z LWlJsKnPCEquAMsL1iwefpc=">AAAB83icbVDLSgNBEOyNr7g+ EvXoZTArJJewGwS9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRG vfoF/4c1P8C+cPA6aWNBQVHXT3RUIzpR23S8rs7a+sbmV3bZ3d vf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+ UKlYHN3psaB+iAcR6zOCtZE6jiPuU1yslCaO080X3LI7A1ol3o IUqrnvy5L9cV3r5j87vZgkIY004ViptucK7adYakY4ndidRFGB yQgPaNvQCIdU+ens5gk6NUoP9WNpKtJopv6eSHGo1DgMTGeI9VA te1PxP6+d6P6Fn7JIJJpGZL6on3CkYzQNAPWYpETzsSGYSGZuR WSIJSbaxGSbELzll1dJo1L23LJ3a9I4gzmycAwnUAQPzqEKN1CD OhAQ8AjP8GIl1pP1ar3NWzPWYuYI/sB6/wFNmpLE</latexit><latexit sha1_base64="05uH PXUBkHjvGHq3XCVrLl8t4q4=">AAAB83icbVBNSwMxEJ2tX7V+ VT16CXaFeim7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPp nvPlvTNs9aOuDgcd7M8zMCyVn2njet1PY2Nza3inulvb2Dw6Py scnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVki HsxU0iDGI8EiRrCxUt915WOGq/XLmesOyhWv5i2A1omfkwrkaA 7KX/1hQtKYCkM41rrne9IEGVaGEU5npX6qqcRkgke0Z6nAMdVB trh5hi6sMkRRomwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboK MCZkaKshyUZRyZBI0DwANmaLE8KklmChmb0VkjBUmxsZUsiH4q y+vk3a95ns1/96rNK7yOIpwBudQBR+uoQF30IQWEJDwDK/w5qTO i/PufCxbC04+cwp/4Hz+ALf/kBo=</latexit>
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cross-group ordering 2 
Figure 1: An example to illustrate the post-processing. Original scores are in the middle. The first
row is the ordering after post-processing, while the optimal ordering is on the bottom.
Problem Setting. Our goal is to identify an optimal cross-group ordering o∗(pa,pb) that leads to
the minimum ranking disparity (measured by ∆xAUC) with algorithm utility (measured by AUC)
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maximally maintained. We can maximize the following objective
J(o(pa,pb)) = AUC(o(pa,pb))− λ ·∆xAUC(o(pa,pb)), (6)
where we use AUC(o(pa,pb)) to denote the AUC induced by the ordering o(pa,pb), which is
calculated in the same way as in Eq.(1) if we think of R(Xi) returning the rank of Xi instead of the
actual ranking score. Please note that in the rest of this paper we will use similar notations for xAUC
without causing further confusions. Similarly, ∆xAUC(o(pa,pb)) is the ranking disparity induced
by ordering o(pa,pb) calculated as in Eq.(3). Then we have the following proposition.
Proposition 2. The objective function in Eq.(6) is equivalent to:
G(o(pa,pb)) = ka,b ·xAUC(o(pa,pb)) +kb,a ·xAUC(o(pb,pa))−λk ·∆xAUC(o(pa,pb)), (7)
where ka,b = na1n
b
0, kb,a = n
a
0n
b
1, k = n0n1, xAUC(o(p
a,pb)) indicates xAUC(a, b) in Eq. 2
(xAUC(o(pb,pa)) indicates xAUC(b, a) in Eq. 2), and λ is the hyperparameter trading off the
algorithm utility and ranking disparity.
The proof of this proposition is provided in the supplemental material.
4 Algorithm
To intuitively understand the post-processing process, we treat the cross-group ordering as a path
from the higher ranked instances to lower ranked instances. With the same example shown in Figure
1, we demonstrate the original ordering of those samples induced by their predicted ranking scores
(middle row of Figure 1) on the top of Figure 2(a), where the direction on the path indicates the
ordering. The ordering corresponding to the bottom row of Figure 1 is demonstrated at the bottom of
Figure 2(a).
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<latexit sha1_base64="nuJkwPA749lcH6RDqTZN9V4VxcE=">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCv ITdIOjNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj1Z7z5Cf6Fk8dBEwsaiqpuurtCyZk2nvflrK1vbG5t53byu3v7B4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rploh7M5Y0iPFAsIgRbKzUdV35k OFy9Xziur1iyat4M6BV4i9IqVb4vkYAUO8VP7v9hKQxFYZwrHXH96QJMqwMI5xO8t1UU4nJCA9ox1KBY6qDbHbzBJ1ZpY+iRNkSBs3U3xMZjrUex6HtjLEZ6mVvKv7ndVITXQUZEzI1VJD5oijlyCRoGgDqM0WJ4WNLMFHM3 orIECtMjI0pb0Pwl19eJc1qxfcq/p1N4wLmyMEJnEIZfLiEGtxCHRpAQMITvMCrkzrPzpvzPm9dcxYzx/AHzscP3kORsQ==</latexit><latexit sha1_base64="hZ2ZLWlJsKnPCEquAMsL1iwefpc=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJ JewGwS9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQVHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6zOCtZE6j iPuU1yslCaO080X3LI7A1ol3oIUqrnvy5L9cV3r5j87vZgkIY004ViptucK7adYakY4ndidRFGByQgPaNvQCIdU+ens5gk6NUoP9WNpKtJopv6eSHGo1DgMTGeI9VAte1PxP6+d6P6Fn7JIJJpGZL6on3CkYzQNAPWYpETzs SGYSGZuRWSIJSbaxGSbELzll1dJo1L23LJ3a9I4gzmycAwnUAQPzqEKN1CDOhAQ8AjP8GIl1pP1ar3NWzPWYuYI/sB6/wFNmpLE</latexit><latexit sha1_base64="hZ2ZLWlJsKnPCEquAMsL1iwefpc=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJ JewGwS9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQVHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6zOCtZE6j iPuU1yslCaO080X3LI7A1ol3oIUqrnvy5L9cV3r5j87vZgkIY004ViptucK7adYakY4ndidRFGByQgPaNvQCIdU+ens5gk6NUoP9WNpKtJopv6eSHGo1DgMTGeI9VAte1PxP6+d6P6Fn7JIJJpGZL6on3CkYzQNAPWYpETzs SGYSGZuRWSIJSbaxGSbELzll1dJo1L23LJ3a9I4gzmycAwnUAQPzqEKN1CDOhAQ8AjP8GIl1pP1ar3NWzPWYuYI/sB6/wFNmpLE</latexit><latexit sha1_base64="05uHPXUBkHjvGHq3XCVrLl8t4q4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFe im7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyVn2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt915WOGq /XLmesOyhWv5i2A1omfkwrkaA7KX/1hQtKYCkM41rrne9IEGVaGEU5npX6qqcRkgke0Z6nAMdVBtrh5hi6sMkRRomwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboKMCZkaKshyUZRyZBI0DwANmaLE8KklmChmb0VkjBUmx sZUsiH4qy+vk3a95ns1/96rNK7yOIpwBudQBR+uoQF30IQWEJDwDK/w5qTOi/PufCxbC04+cwp/4Hz+ALf/kBo=</latexit>
pa(3)
<latexit sha1_base64="ZvpECIG/nnNAHSQzCSXLgawc1Ek=">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCv IRdFfRmwIvHCOYByRpmJ7PJkNnZYWZWCEt+w4sHRbz6M978BP/CyeOgiQUNRVU33V2h5Ewbz/tyVlbX1jc2c1v57Z3dvUJx/6Chk1QRWicJT1QrxJpyJmjdMMNpSyqK45DTZji8mfjNR6o0S8S9GUkaxLgvWMQINlbquK58y HD5/HTsut1iyat4U6Bl4s9JqVr4vkYAUOsWPzu9hKQxFYZwrHXb96QJMqwMI5yO851UU4nJEPdp21KBY6qDbHrzGJ1YpYeiRNkSBk3V3xMZjrUexaHtjLEZ6EVvIv7ntVMTXQUZEzI1VJDZoijlyCRoEgDqMUWJ4SNLMFHM3 orIACtMjI0pb0PwF19eJo2ziu9V/DubxgXMkIMjOIYy+HAJVbiFGtSBgIQneIFXJ3WenTfnfda64sxnDuEPnI8f38uRsg==</latexit><latexit sha1_base64="sW+LHl56A7cNCK//oEDQEKhRYBM=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJ Jewq4LeDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgoqrrp7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THsVIG6ntu uI+RcXT0th1O/mCV/amcJaJPyeFSu77smR/XFc7+c92N8ZJRLjGDCnV8j2hgxRJTTEjY7udKCIQHqI+aRnKUURUkE5vHjvHRuk6vVia4tqZqr8nUhQpNYpC0xkhPVCL3kT8z2sluncRpJSLRBOOZ4t6CXN07EwCcLpUEqzZy BCEJTW3OniAJMLaxGSbEPzFl5dJ/aTse2X/1qRxBjNk4RCOoAg+nEMFbqAKNcAg4BGe4cVKrCfr1XqbtWas+cwB/IH1/gNPIpLF</latexit><latexit sha1_base64="sW+LHl56A7cNCK//oEDQEKhRYBM=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJ Jewq4LeDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgoqrrp7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THsVIG6ntu uI+RcXT0th1O/mCV/amcJaJPyeFSu77smR/XFc7+c92N8ZJRLjGDCnV8j2hgxRJTTEjY7udKCIQHqI+aRnKUURUkE5vHjvHRuk6vVia4tqZqr8nUhQpNYpC0xkhPVCL3kT8z2sluncRpJSLRBOOZ4t6CXN07EwCcLpUEqzZy BCEJTW3OniAJMLaxGSbEPzFl5dJ/aTse2X/1qRxBjNk4RCOoAg+nEMFbqAKNcAg4BGe4cVKrCfr1XqbtWas+cwB/IH1/gNPIpLF</latexit><latexit sha1_base64="PwCz3eNBP9hS71JqP5yfPxwWt2g=">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFe im7Kuix4MVjBfsB7VqyabYNzWZDkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmhZIzbTzv2ymsrW9sbhW3Szu7e/sH5cOjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh+Hbmt5+o0iwRD2YiaRDjoWARI9hYqee68jHD1 cvzqev2yxWv5s2BVomfkwrkaPTLX71BQtKYCkM41rrre9IEGVaGEU6npV6qqcRkjIe0a6nAMdVBNr95is6sMkBRomwJg+bq74kMx1pP4tB2xtiM9LI3E//zuqmJboKMCZkaKshiUZRyZBI0CwANmKLE8IklmChmb0VkhBUmx sZUsiH4yy+vktZFzfdq/r1XqV/lcRThBE6hCj5cQx3uoAFNICDhGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AbmHkBs=</latexit>
pa(4)
<latexit sha1_base64="XTB0a8yWkVO85oem4f2SUqFlwPA=">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCv IRdCejNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj1Z7z5Cf6Fk8dBEwsaiqpuurtCyZk2nvflrK1vbG5t53byu3v7B4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rploh7M5Y0iPFAsIgRbKzUdV35k OFy9Xziur1iyat4M6BV4i9IqVb4vkYAUO8VP7v9hKQxFYZwrHXH96QJMqwMI5xO8t1UU4nJCA9ox1KBY6qDbHbzBJ1ZpY+iRNkSBs3U3xMZjrUex6HtjLEZ6mVvKv7ndVITXQUZEzI1VJD5oijlyCRoGgDqM0WJ4WNLMFHM3 orIECtMjI0pb0Pwl19eJc2Liu9V/DubRhXmyMEJnEIZfLiEGtxCHRpAQMITvMCrkzrPzpvzPm9dcxYzx/AHzscP4VORsw==</latexit><latexit sha1_base64="RfkY6RZVBYdCqx50XKim8zYYnk4=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJ JewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQVHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6zOCtZE6j iPuU1yslCaO080X3LI7A1ol3oIUqrnvy5L9cV3r5j87vZgkIY004ViptucK7adYakY4ndidRFGByQgPaNvQCIdU+ens5gk6NUoP9WNpKtJopv6eSHGo1DgMTGeI9VAte1PxP6+d6P6Fn7JIJJpGZL6on3CkYzQNAPWYpETzs SGYSGZuRWSIJSbaxGSbELzll1dJ46zsuWXv1qRRgTmycAwnUAQPzqEKN1CDOhAQ8AjP8GIl1pP1ar3NWzPWYuYI/sB6/wFQqpLG</latexit><latexit sha1_base64="RfkY6RZVBYdCqx50XKim8zYYnk4=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJ JewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQVHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6zOCtZE6j iPuU1yslCaO080X3LI7A1ol3oIUqrnvy5L9cV3r5j87vZgkIY004ViptucK7adYakY4ndidRFGByQgPaNvQCIdU+ens5gk6NUoP9WNpKtJopv6eSHGo1DgMTGeI9VAte1PxP6+d6P6Fn7JIJJpGZL6on3CkYzQNAPWYpETzs SGYSGZuRWSIJSbaxGSbELzll1dJ46zsuWXv1qRRgTmycAwnUAQPzqEKN1CDOhAQ8AjP8GIl1pP1ar3NWzPWYuYI/sB6/wFQqpLG</latexit><latexit sha1_base64="bW0p0BEYQ6G9TMENpq6gqLxxRV0=">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFe im7UtBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyVn2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt915WOGq /XLmesOyhWv5i2A1omfkwrkaA7KX/1hQtKYCkM41rrne9IEGVaGEU5npX6qqcRkgke0Z6nAMdVBtrh5hi6sMkRRomwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboKMCZkaKshyUZRyZBI0DwANmaLE8KklmChmb0VkjBUmx sZUsiH4qy+vk/ZVzfdq/r1XadTzOIpwBudQBR+uoQF30IQWEJDwDK/w5qTOi/PufCxbC04+cwp/4Hz+ALsPkBw=</latexit>
pa(5)
<latexit sha1_base64="iS7LkKf0Kwgj71/Y0FcW2CarJC8=">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCv IRdUfRmwIvHCOYByRpmJ7PJkNnZYWZWCEt+w4sHRbz6M978BP/CyeOgiQUNRVU33V2h5Ewbz/tyVlbX1jc2c1v57Z3dvUJx/6Chk1QRWicJT1QrxJpyJmjdMMNpSyqK45DTZji8mfjNR6o0S8S9GUkaxLgvWMQINlbquK58y HD54nTsut1iyat4U6Bl4s9JqVr4vkYAUOsWPzu9hKQxFYZwrHXb96QJMqwMI5yO851UU4nJEPdp21KBY6qDbHrzGJ1YpYeiRNkSBk3V3xMZjrUexaHtjLEZ6EVvIv7ntVMTXQUZEzI1VJDZoijlyCRoEgDqMUWJ4SNLMFHM3 orIACtMjI0pb0PwF19eJo2ziu9V/DubxjnMkIMjOIYy+HAJVbiFGtSBgIQneIFXJ3WenTfnfda64sxnDuEPnI8f4tuRtA==</latexit><latexit sha1_base64="FeRMn1eUsWVMfiEUQumHqqyodKk=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJ JewK4reDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgoqrrp7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THsVIG6ntu uI+RcWz0th1O/mCV/amcJaJPyeFSu77smR/XFc7+c92N8ZJRLjGDCnV8j2hgxRJTTEjY7udKCIQHqI+aRnKUURUkE5vHjvHRuk6vVia4tqZqr8nUhQpNYpC0xkhPVCL3kT8z2sluncRpJSLRBOOZ4t6CXN07EwCcLpUEqzZy BCEJTW3OniAJMLaxGSbEPzFl5dJ/aTse2X/1qRxCjNk4RCOoAg+nEMFbqAKNcAg4BGe4cVKrCfr1XqbtWas+cwB/IH1/gNSMpLH</latexit><latexit sha1_base64="FeRMn1eUsWVMfiEUQumHqqyodKk=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJ JewK4reDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgoqrrp7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THsVIG6ntu uI+RcWz0th1O/mCV/amcJaJPyeFSu77smR/XFc7+c92N8ZJRLjGDCnV8j2hgxRJTTEjY7udKCIQHqI+aRnKUURUkE5vHjvHRuk6vVia4tqZqr8nUhQpNYpC0xkhPVCL3kT8z2sluncRpJSLRBOOZ4t6CXN07EwCcLpUEqzZy BCEJTW3OniAJMLaxGSbEPzFl5dJ/aTse2X/1qRxCjNk4RCOoAg+nEMFbqAKNcAg4BGe4cVKrCfr1XqbtWas+cwB/IH1/gNSMpLH</latexit><latexit sha1_base64="TaZwz/ZOwqDIOLXegVWPpCxhsRk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFe im7ouix4MVjBfsB7VqyabYNzWZDkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmhZIzbTzv2ymsrW9sbhW3Szu7e/sH5cOjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh+Hbmt5+o0iwRD2YiaRDjoWARI9hYqee68jHD1 avzqev2yxWv5s2BVomfkwrkaPTLX71BQtKYCkM41rrre9IEGVaGEU6npV6qqcRkjIe0a6nAMdVBNr95is6sMkBRomwJg+bq74kMx1pP4tB2xtiM9LI3E//zuqmJboKMCZkaKshiUZRyZBI0CwANmKLE8IklmChmb0VkhBUmx sZUsiH4yy+vktZFzfdq/r1XqV/mcRThBE6hCj5cQx3uoAFNICDhGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AbyXkB0=</latexit>
pb(1)
<latexit sha1_base64="nP8exoJ0+gGxjtu+5vSNnxoHIuQ=">AAAB83icbVDLSgNBEOyNrxgfiXr0MpgV4 iXsiqA3A148RjAPSNYwO5lNhszODjOzQljyG148KOLVn/HmJ/gXTh4HTSxoKKq66e4KJWfaeN6Xk1tb39jcym8Xdnb39oulg8OmTlJFaIMkPFHtEGvKmaANwwynbakojkNOW+HoZuq3HqnSLBH3ZixpEOOBYBEj2Fip67ryI Qsr/tnEdXulslf1ZkCrxF+Qcq34fY0AoN4rfXb7CUljKgzhWOuO70kTZFgZRjidFLqpphKTER7QjqUCx1QH2ezmCTq1Sh9FibIlDJqpvycyHGs9jkPbGWMz1MveVPzP66QmugoyJmRqqCDzRVHKkUnQNADUZ4oSw8eWYKKYv RWRIVaYGBtTwYbgL7+8SprnVd+r+nc2jQuYIw/HcAIV8OESanALdWgAAQlP8AKvTuo8O2/O+7w15yxmjuAPnI8f3kWRsQ==</latexit><latexit sha1_base64="2zspDZX9D/bMZwv1LzuuVjfpi0I=">AAAB83icbVDLSsNAFL3xWeOjVZduBhuh3 ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoUibv0C/8Kdn+BfOH0stPXAhcM593LvPYHgTGnX/bJWVtfWNzZzW/b2zu5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmMLya+M0HKhVL4js9EtSPcD9mISNYG6njO OI+C0peeew43ULRrbhToGXizUmxmv++LNsf17Vu4bPTS0ga0VgTjpVqe67QfoalZoTTsd1JFRWYDHGftg2NcUSVn01vHqMTo/RQmEhTsUZT9fdEhiOlRlFgOiOsB2rRm4j/ee1Uhxd+xmKRahqT2aIw5UgnaBIA6jFJieYjQ zCRzNyKyABLTLSJyTYheIsvL5PGacVzK96tSeMMZsjBERxDCTw4hyrcQA3qQEDAIzzDi5VaT9ar9TZrXbHmM4fwB9b7D02cksQ=</latexit><latexit sha1_base64="2zspDZX9D/bMZwv1LzuuVjfpi0I=">AAAB83icbVDLSsNAFL3xWeOjVZduBhuh3 ZREBN1ZEMFlBfuANpbJdNIOnSTDzEQoob/hxoUibv0C/8Kdn+BfOH0stPXAhcM593LvPYHgTGnX/bJWVtfWNzZzW/b2zu5evrB/0FBJKgmtk4QnshVgRTmLaV0zzWlLSIqjgNNmMLya+M0HKhVL4js9EtSPcD9mISNYG6njO OI+C0peeew43ULRrbhToGXizUmxmv++LNsf17Vu4bPTS0ga0VgTjpVqe67QfoalZoTTsd1JFRWYDHGftg2NcUSVn01vHqMTo/RQmEhTsUZT9fdEhiOlRlFgOiOsB2rRm4j/ee1Uhxd+xmKRahqT2aIw5UgnaBIA6jFJieYjQ zCRzNyKyABLTLSJyTYheIsvL5PGacVzK96tSeMMZsjBERxDCTw4hyrcQA3qQEDAIzzDi5VaT9ar9TZrXbHmM4fwB9b7D02cksQ=</latexit><latexit sha1_base64="Qm0udL7tEFQ9iXZp/hHhsq1UmlE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFe im7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyVn2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt915WMWV v3LmesOyhWv5i2A1omfkwrkaA7KX/1hQtKYCkM41rrne9IEGVaGEU5npX6qqcRkgke0Z6nAMdVBtrh5hi6sMkRRomwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboKMCZkaKshyUZRyZBI0DwANmaLE8KklmChmb0VkjBUmx sZUsiH4qy+vk3a95ns1/96rNK7yOIpwBudQBR+uoQF30IQWEJDwDK/w5qTOi/PufCxbC04+cwp/4Hz+ALgBkBo=</latexit>
pb(2)
<latexit sha1_base64="/hPsLaocu1T7td0m7UwRoBRmYzM=">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCv ITdIOjNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj1Z7z5Cf6Fk8dBEwsaiqpuurtCyZk2nvflrK1vbG5t53byu3v7B4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rploh7M5Y0iPFAsIgRbKzUdV35k IXl6vnEdXvFklfxZkCrxF+QUq3wfY0AoN4rfnb7CUljKgzhWOuO70kTZFgZRjid5LupphKTER7QjqUCx1QH2ezmCTqzSh9FibIlDJqpvycyHGs9jkPbGWMz1MveVPzP66QmugoyJmRqqCDzRVHKkUnQNADUZ4oSw8eWYKKYv RWRIVaYGBtT3obgL7+8SprViu9V/DubxgXMkYMTOIUy+HAJNbiFOjSAgIQneIFXJ3WenTfnfd665ixmjuEPnI8f382Rsg==</latexit><latexit sha1_base64="c5Hf2uNXiLe5AtrsoOSAO7EtMAY=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJ JewGwS9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQVHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6zOCtZE6j iPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZzRN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY 0MwkczcisgQS0y0ick2IXjLL6+SRqXsuWXv1qRxBnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNPJJLF</latexit><latexit sha1_base64="c5Hf2uNXiLe5AtrsoOSAO7EtMAY=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJ JewGwS9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQVHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6zOCtZE6j iPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZzRN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY 0MwkczcisgQS0y0ick2IXjLL6+SRqXsuWXv1qRxBnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNPJJLF</latexit><latexit sha1_base64="mTypRyOMCZ7kdg/AZxUVFXfRfdk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFe im7RdBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyVn2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt915WMWV uuXM9cdlCtezVsArRM/JxXI0RyUv/rDhKQxFYZwrHXP96QJMqwMI5zOSv1UU4nJBI9oz1KBY6qDbHHzDF1YZYiiRNkSBi3U3xMZjrWexqHtjLEZ61VvLv7n9VIT3QQZEzI1VJDloijlyCRoHgAaMkWJ4VNLMFHM3orIGCtMj I2pZEPwV19eJ+16zfdq/r1XaVzlcRThDM6hCj5cQwPuoAktICDhGV7hzUmdF+fd+Vi2Fpx85hT+wPn8AbmJkBs=</latexit>
pb(3)
<latexit sha1_base64="Rdehw+rWDrl5HeTmPV3cXnBS1yA=">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCv IRdFfRmwIvHCOYByRpmJ7PJkNnZYWZWCEt+w4sHRbz6M978BP/CyeOgiQUNRVU33V2h5Ewbz/tyVlbX1jc2c1v57Z3dvUJx/6Chk1QRWicJT1QrxJpyJmjdMMNpSyqK45DTZji8mfjNR6o0S8S9GUkaxLgvWMQINlbquK58y MLy+enYdbvFklfxpkDLxJ+TUrXwfY0AoNYtfnZ6CUljKgzhWOu270kTZFgZRjgd5zupphKTIe7TtqUCx1QH2fTmMTqxSg9FibIlDJqqvycyHGs9ikPbGWMz0IveRPzPa6cmugoyJmRqqCCzRVHKkUnQJADUY4oSw0eWYKKYv RWRAVaYGBtT3obgL768TBpnFd+r+Hc2jQuYIQdHcAxl8OESqnALNagDAQlP8AKvTuo8O2/O+6x1xZnPHMIfOB8/4VWRsw==</latexit><latexit sha1_base64="3/KVxTlcb+92MWrUiHOzwnvHY4A=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJ Jewq4LeDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgoqrrp7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THsVIG6ntu uI+DYunpbHrdvIFr+xN4SwTf04Kldz3Zcn+uK528p/tboyTiHCNGVKq5XtCBymSmmJGxnY7UUQgPER90jKUo4ioIJ3ePHaOjdJ1erE0xbUzVX9PpChSahSFpjNCeqAWvYn4n9dKdO8iSCkXiSYczxb1Eubo2JkE4HSpJFizk SEIS2pudfAASYS1ick2IfiLLy+T+knZ98r+rUnjDGbIwiEcQRF8OIcK3EAVaoBBwCM8w4uVWE/Wq/U2a81Y85kD+APr/QdQrJLG</latexit><latexit sha1_base64="3/KVxTlcb+92MWrUiHOzwnvHY4A=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTErJ Jewq4LeDIjgMYJ5QLKG2ckkGTI7O8zMCmHJb3jxoIhXv8C/8OYn+BdOHgdNLGgoqrrp7goFo0p73peVWVldW9/Ibtpb2zu7ufzefl3FicSkhmMWy2aIFGGUk5qmmpGmkARFISONcHg18RsPRCoa8zs9EiSIUJ/THsVIG6ntu uI+DYunpbHrdvIFr+xN4SwTf04Kldz3Zcn+uK528p/tboyTiHCNGVKq5XtCBymSmmJGxnY7UUQgPER90jKUo4ioIJ3ePHaOjdJ1erE0xbUzVX9PpChSahSFpjNCeqAWvYn4n9dKdO8iSCkXiSYczxb1Eubo2JkE4HSpJFizk SEIS2pudfAASYS1ick2IfiLLy+T+knZ98r+rUnjDGbIwiEcQRF8OIcK3EAVaoBBwCM8w4uVWE/Wq/U2a81Y85kD+APr/QdQrJLG</latexit><latexit sha1_base64="hNlwvxH5+5fq6lU+wbAQIh6/JNk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFe im7Kuix4MVjBfsB7VqyabYNzWZDkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmhZIzbTzv2ymsrW9sbhW3Szu7e/sH5cOjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh+Hbmt5+o0iwRD2YiaRDjoWARI9hYqee68jELq 5fnU9ftlytezZsDrRI/JxXI0eiXv3qDhKQxFYZwrHXX96QJMqwMI5xOS71UU4nJGA9p11KBY6qDbH7zFJ1ZZYCiRNkSBs3V3xMZjrWexKHtjLEZ6WVvJv7ndVMT3QQZEzI1VJDFoijlyCRoFgAaMEWJ4RNLMFHM3orICCtMj I2pZEPwl19eJa2Lmu/V/HuvUr/K4yjCCZxCFXy4hjrcQQOaQEDCM7zCm5M6L86787FoLTj5zDH8gfP5A7sRkBw=</latexit>
pb(4)
<latexit sha1_base64="z3y33cA4ydL22YjiiLwwuPrlPCQ=">AAAB83icbVDLSgNBEOz1GeMjUY9eBrNCv IRdCejNgBePEcwDkjXMTmaTIbOzw8ysEJb8hhcPinj1Z7z5Cf6Fk8dBEwsaiqpuurtCyZk2nvflrK1vbG5t53byu3v7B4Xi4VFTJ6kitEESnqh2iDXlTNCGYYbTtlQUxyGnrXB0M/Vbj1Rploh7M5Y0iPFAsIgRbKzUdV35k IXl6vnEdXvFklfxZkCrxF+QUq3wfY0AoN4rfnb7CUljKgzhWOuO70kTZFgZRjid5LupphKTER7QjqUCx1QH2ezmCTqzSh9FibIlDJqpvycyHGs9jkPbGWMz1MveVPzP66QmugoyJmRqqCDzRVHKkUnQNADUZ4oSw8eWYKKYv RWRIVaYGBtT3obgL7+8SpoXFd+r+Hc2jSrMkYMTOIUy+HAJNbiFOjSAgIQneIFXJ3WenTfnfd665ixmjuEPnI8f4t2RtA==</latexit><latexit sha1_base64="ie/hg7HYhmxaO1v7DYyeBL6yhH4=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJ JewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQVHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6zOCtZE6j iPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZzRN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY 0MwkczcisgQS0y0ick2IXjLL6+SxlnZc8verUmjAnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNSNJLH</latexit><latexit sha1_base64="ie/hg7HYhmxaO1v7DYyeBL6yhH4=">AAAB83icbVDLSgNBEOyNr7g+EvXoZTArJ JewKwG9GRDBYwTzgGQNs5NJMmR2d5iZFcKS3/DiQRGvfoF/4c1P8C+cPA6aWNBQVHXT3RUIzpR23S8rs7a+sbmV3bZ3dvf2c/mDw4aKE0loncQ8lq0AK8pZROuaaU5bQlIcBpw2g9HV1G8+UKlYHN3psaB+iAcR6zOCtZE6j iPu06BYKU0cp5svuGV3BrRKvAUpVHPflyX747rWzX92ejFJQhppwrFSbc8V2k+x1IxwOrE7iaICkxEe0LahEQ6p8tPZzRN0apQe6sfSVKTRTP09keJQqXEYmM4Q66Fa9qbif1470f0LP2WRSDSNyHxRP+FIx2gaAOoxSYnmY 0MwkczcisgQS0y0ick2IXjLL6+SxlnZc8verUmjAnNk4RhOoAgenEMVbqAGdSAg4BGe4cVKrCfr1Xqbt2asxcwR/IH1/gNSNJLH</latexit><latexit sha1_base64="ucbLuIP1Xrpby9wYYMd+awy2wxE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CXaFe im7UtBjwYvHCvYD2rVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyVn2njet1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCye3c7zxRpVkiHsxU0iDGI8EiRrCxUt915WMWV uuXM9cdlCtezVsArRM/JxXI0RyUv/rDhKQxFYZwrHXP96QJMqwMI5zOSv1UU4nJBI9oz1KBY6qDbHHzDF1YZYiiRNkSBi3U3xMZjrWexqHtjLEZ61VvLv7n9VIT3QQZEzI1VJDloijlyCRoHgAaMkWJ4VNLMFHM3orIGCtMj I2pZEPwV19eJ+2rmu/V/Huv0qjncRThDM6hCj5cQwPuoAktICDhGV7hzUmdF+fd+Vi2Fpx85hT+wPn8AbyZkB0=</latexit>
o⇤(pa(:4), pb(:3)) =
8>><>>:
o⇤(pa(:3), pb(:3))+  pa(4),
if bG(o⇤(pa(:3), pb(:3))+  pa(4)) > bG(o⇤(pa(:4), pb(:2))+  pb(3)),
o⇤(pa(:4), pb(:2))+  pb(3), otherwise
<latexit sha1_base64="kyg8Mj6hWemLnl2G4BEBIONTYDQ=">AAAEOXictVNda9RAFJ0mftT40a0++jK4WLJalqQttBaUgg/6ZgW3L exsl8nkZnfoZBJnJtYl5G/54r/wTfDFB0V89Q842QbU3bqK4IUJh3vvnHPmTibKBdcmCN4vOe6Fi5cuL1/xrl67fmOltXrzQGeFYtBjmcjUUUQ1CC6hZ7gRcJQroGkk4DA6eVzXD1+B0jyTL8wkh0FKR5InnFFjU8NV51l2XN6rfJLloKjJlKQplHl1XFJ/d6tTreP5SuTvbnaqzk MiIDGk9EgEIy5LKvhIQlx5awsoNxdSEgOvDeOKCYjL+9U5jdSvTRHirWHysqBx8+XJTC855TGMqSmfVJX/v/10Hv2b+O/nu2FJ8Z/VI792aTnIwqEv1vlLmfVm1JkZgzrlGjwCMv5x60Tx0dh0h6120A2mgedB2IA2amJ/2HpH4owVKUjDBNW6Hwa5GZRUGW4dWd5CQ07ZCR1B38La lB6U0z+/wndtJsZJpuySBk+zP+8oaar1JI1sZ0rNWM/W6uR5tX5hkp1ByWVeGJDsTCgpBDYZrp8RjrkCZsTEAsoUt14xG1NFmbGPzbNDCGePPA8ONrph0A2fb7X3HjTjWEa30R3koxBtoz30FO2jHmLOG+eD88n57L51P7pf3K9nrc5Ss+cW+iXcb98B7pxs0g==</latexit><latexit sha1_base64="kyg8Mj6hWemLnl2G4BEBIONTYDQ=">AAAEOXictVNda9RAFJ0mftT40a0++jK4WLJalqQttBaUgg/6ZgW3L exsl8nkZnfoZBJnJtYl5G/54r/wTfDFB0V89Q842QbU3bqK4IUJh3vvnHPmTibKBdcmCN4vOe6Fi5cuL1/xrl67fmOltXrzQGeFYtBjmcjUUUQ1CC6hZ7gRcJQroGkk4DA6eVzXD1+B0jyTL8wkh0FKR5InnFFjU8NV51l2XN6rfJLloKjJlKQplHl1XFJ/d6tTreP5SuTvbnaqzk MiIDGk9EgEIy5LKvhIQlx5awsoNxdSEgOvDeOKCYjL+9U5jdSvTRHirWHysqBx8+XJTC855TGMqSmfVJX/v/10Hv2b+O/nu2FJ8Z/VI792aTnIwqEv1vlLmfVm1JkZgzrlGjwCMv5x60Tx0dh0h6120A2mgedB2IA2amJ/2HpH4owVKUjDBNW6Hwa5GZRUGW4dWd5CQ07ZCR1B38La lB6U0z+/wndtJsZJpuySBk+zP+8oaar1JI1sZ0rNWM/W6uR5tX5hkp1ByWVeGJDsTCgpBDYZrp8RjrkCZsTEAsoUt14xG1NFmbGPzbNDCGePPA8ONrph0A2fb7X3HjTjWEa30R3koxBtoz30FO2jHmLOG+eD88n57L51P7pf3K9nrc5Ss+cW+iXcb98B7pxs0g==</latexit><latexit sha1_base64="kyg8Mj6hWemLnl2G4BEBIONTYDQ=">AAAEOXictVNda9RAFJ0mftT40a0++jK4WLJalqQttBaUgg/6ZgW3L exsl8nkZnfoZBJnJtYl5G/54r/wTfDFB0V89Q842QbU3bqK4IUJh3vvnHPmTibKBdcmCN4vOe6Fi5cuL1/xrl67fmOltXrzQGeFYtBjmcjUUUQ1CC6hZ7gRcJQroGkk4DA6eVzXD1+B0jyTL8wkh0FKR5InnFFjU8NV51l2XN6rfJLloKjJlKQplHl1XFJ/d6tTreP5SuTvbnaqzk MiIDGk9EgEIy5LKvhIQlx5awsoNxdSEgOvDeOKCYjL+9U5jdSvTRHirWHysqBx8+XJTC855TGMqSmfVJX/v/10Hv2b+O/nu2FJ8Z/VI792aTnIwqEv1vlLmfVm1JkZgzrlGjwCMv5x60Tx0dh0h6120A2mgedB2IA2amJ/2HpH4owVKUjDBNW6Hwa5GZRUGW4dWd5CQ07ZCR1B38La lB6U0z+/wndtJsZJpuySBk+zP+8oaar1JI1sZ0rNWM/W6uR5tX5hkp1ByWVeGJDsTCgpBDYZrp8RjrkCZsTEAsoUt14xG1NFmbGPzbNDCGePPA8ONrph0A2fb7X3HjTjWEa30R3koxBtoz30FO2jHmLOG+eD88n57L51P7pf3K9nrc5Ss+cW+iXcb98B7pxs0g==</latexit><latexit sha1_base64="kyg8Mj6hWemLnl2G4BEBIONTYDQ=">AAAEOXictVNda9RAFJ0mftT40a0++jK4WLJalqQttBaUgg/6ZgW3L exsl8nkZnfoZBJnJtYl5G/54r/wTfDFB0V89Q842QbU3bqK4IUJh3vvnHPmTibKBdcmCN4vOe6Fi5cuL1/xrl67fmOltXrzQGeFYtBjmcjUUUQ1CC6hZ7gRcJQroGkk4DA6eVzXD1+B0jyTL8wkh0FKR5InnFFjU8NV51l2XN6rfJLloKjJlKQplHl1XFJ/d6tTreP5SuTvbnaqzk MiIDGk9EgEIy5LKvhIQlx5awsoNxdSEgOvDeOKCYjL+9U5jdSvTRHirWHysqBx8+XJTC855TGMqSmfVJX/v/10Hv2b+O/nu2FJ8Z/VI792aTnIwqEv1vlLmfVm1JkZgzrlGjwCMv5x60Tx0dh0h6120A2mgedB2IA2amJ/2HpH4owVKUjDBNW6Hwa5GZRUGW4dWd5CQ07ZCR1B38La lB6U0z+/wndtJsZJpuySBk+zP+8oaar1JI1sZ0rNWM/W6uR5tX5hkp1ByWVeGJDsTCgpBDYZrp8RjrkCZsTEAsoUt14xG1NFmbGPzbNDCGePPA8ONrph0A2fb7X3HjTjWEa30R3koxBtoz30FO2jHmLOG+eD88n57L51P7pf3K9nrc5Ss+cW+iXcb98B7pxs0g==</latexit>
o⇤(pa(:4), pb(:2))
<latexit sha1_base64="krRCbHMSRPixnUyh3Qf5FqEjEUo=">AAADAXicjVHLTttAFD0xBUIoNDx23Vgll ZKqimyEBEIskNiwpBIJSDzHZkKt2B5rPEaKLK/4E3bsEFt+oNuyqfoH7V9wZ3AkIEIwlu0z595zZu69XhIGqXKcvxVr7MP4xGR1qjb9cWb2U31uvpuKTPq844tQyH2PpTwMYt5RgQr5fiI5i7yQ73n9LR3fu+AyDUS8qwYJP 4rYeRz0Ap8pok7qG42GOM6/Fc1DkXDJlJAxi3ieFMc5a66vtIrvowGvub7cKlqNxkl9yWk7ZtmjwC3B0uZir3cKYEfU/+AQZxDwkSECRwxFOARDSs8BXDhIiDtCTpwkFJg4R4EaaTPK4pTBiO3T95x2ByUb0157pkbt0ykhv ZKUNr6SRlCeJKxPs008M86afc07N576bgP6e6VXRKzCT2Lf0g0z36vTtSj0sGZqCKimxDC6Or90yUxX9M3tJ1UpckiI0/iM4pKwb5TDPttGk5radW+Zif8zmZrVe7/MzfBf35IG7L4c5yjoLrddp+3+oEmv4HFV8Rlf0KR5r mIT29hBh7yv8Au/cW9dWtfWjXX7mGpVSs0Cni3r7gGl36h7</latexit><latexit sha1_base64="xgsxQmLk0PqnqfzMcCycOtwG1gs=">AAADAXicjVHLSsRAECzj+70+bl6CrrArs iQiKOJB8OJRwVXBF5M4q8EkEyYTQUJO/ok3b+LVH/CqF/EP9C/sGSOoi2iHJDXVXTXT014SBqlynJcOq7Oru6e3r39gcGh4ZLQyNr6Tikz6vOmLUMg9j6U8DGLeVIEK+V4iOYu8kO965+s6v3vBZRqIeFtdJvwwYqdx0Ap8p og6rqxWq+IonytqByLhkikhYxbxPCmOclZbWawX8+0Jr7ayUC/q1epxZcZpOCbsduCWYGZtsmViU1SecYATCPjIEIEjhiIcgiGlZx8uHCTEHSInThIKTJ6jwABpM6riVMGIPafvKa32SzamtfZMjdqnXUJ6JSltzJJGUJ0kr HezTT4zzpr9zTs3nvpsl/T3Sq+IWIUzYv/SfVb+V6d7UWhh2fQQUE+JYXR3fumSmVvRJ7e/dKXIISFO4xPKS8K+UX7es200qeld3y0z+VdTqVm99svaDG/6lDRg9+c428HOQsN1Gu4WTXoRH9GHKUyjRvNcwho2sIkmeV/jA Y94sq6sG+vWuvsotTpKzQS+hXX/DlMIqbM=</latexit><latexit sha1_base64="xgsxQmLk0PqnqfzMcCycOtwG1gs=">AAADAXicjVHLSsRAECzj+70+bl6CrrArs iQiKOJB8OJRwVXBF5M4q8EkEyYTQUJO/ok3b+LVH/CqF/EP9C/sGSOoi2iHJDXVXTXT014SBqlynJcOq7Oru6e3r39gcGh4ZLQyNr6Tikz6vOmLUMg9j6U8DGLeVIEK+V4iOYu8kO965+s6v3vBZRqIeFtdJvwwYqdx0Ap8p og6rqxWq+IonytqByLhkikhYxbxPCmOclZbWawX8+0Jr7ayUC/q1epxZcZpOCbsduCWYGZtsmViU1SecYATCPjIEIEjhiIcgiGlZx8uHCTEHSInThIKTJ6jwABpM6riVMGIPafvKa32SzamtfZMjdqnXUJ6JSltzJJGUJ0kr HezTT4zzpr9zTs3nvpsl/T3Sq+IWIUzYv/SfVb+V6d7UWhh2fQQUE+JYXR3fumSmVvRJ7e/dKXIISFO4xPKS8K+UX7es200qeld3y0z+VdTqVm99svaDG/6lDRg9+c428HOQsN1Gu4WTXoRH9GHKUyjRvNcwho2sIkmeV/jA Y94sq6sG+vWuvsotTpKzQS+hXX/DlMIqbM=</latexit><latexit sha1_base64="2DjZ75mc1Mk8L78ulOjWYVji+yM=">AAADAXicjVHLSsRAECzj+73q0UtwV9gVW RIRFPEgePGo4Krgi0kcNWySCZOJICEn/8SbN/HqD3jVi/gH+hf2jBHURXRCkprqrprpbi8Jg1Q5zkuX1d3T29c/MDg0PDI6Nl6ZmNxJRSZ93vJFKOSex1IeBjFvqUCFfC+RnEVeyHe99rqO715wmQYi3laXCT+M2FkcnAY+U 0QdV1ZrNXGUzxX1A5FwyZSQMYt4nhRHOauvLDaK+c6AV19ZaBSNWu24UnWajll2J3BLUEW5NkXlGQc4gYCPDBE4YijCIRhSevbhwkFC3CFy4iShwMQ5CgyRNqMsThmM2DZ9z2i3X7Ix7bVnatQ+nRLSK0lpY5Y0gvIkYX2ab eKZcdbsb9658dR3u6S/V3pFxCqcE/uX7jPzvzpdi8Iplk0NAdWUGEZX55cumemKvrn9pSpFDglxGp9QXBL2jfKzz7bRpKZ23Vtm4q8mU7N675e5Gd70LWnA7s9xdoKdhabrNN0tp7q2WI56ANOYQZ3muYQ1bGATLfK+xgMe8 WRdWTfWrXX3kWp1lZopfFvW/TtVRKb7</latexit>
o⇤(pa(:3), pb(:3))
<latexit sha1_base64="a5ctNnQTZrkO5zs3DGT8DPoivJo=">AAADAXicjVHLSsRAECzj+70+bl6CrrCKL IkKingQvHhUcFXwOYmzazDJhMlEkLAn/8SbN/HqD3jVi/gH+hf2jBHURXRCkprqrprpbi8Jg1Q5zkub1d7R2dXd09vXPzA4NFwaGd1JRSZ9XvNFKOSex1IeBjGvqUCFfC+RnEVeyHe983Ud373gMg1EvK0uE34YsUYc1AOfK aKOS6vlsjjKZ5uVA5FwyZSQMYt4njSPclZZWZhpzrUGPBOYKZePS1NO1THLbgVuAabWxuv1EwCbovSMA5xCwEeGCBwxFOEQDCk9+3DhICHuEDlxklBg4hxN9JE2oyxOGYzYc/o2aLdfsDHttWdq1D6dEtIrSWljmjSC8iRhf Zpt4plx1uxv3rnx1He7pL9XeEXEKpwR+5fuM/O/Ol2LQh3LpoaAakoMo6vzC5fMdEXf3P5SlSKHhDiNTykuCftG+dln22hSU7vuLTPxV5OpWb33i9wMb/qWNGD35zhbwc581XWq7hZNehEfqwcTmESF5rmENWxgEzXyvsYDH vFkXVk31q1195FqtRWaMXxb1v07pcaoew==</latexit><latexit sha1_base64="396NalkEu97bn3uNU/d/WMgodyI=">AAADAXicjVHLSsRAECzja32vj5uXoCusI kuigiIeFrx4VHBV8MUkzmowyYTJRJCwJ//Emzfx6g941Yv4B/oX9owR1EW0Q5Ka6q6a6WkvCYNUOc5Lh9XZ1d3TW+rrHxgcGh4pj47tpCKTPm/4IhRyz2MpD4OYN1SgQr6XSM4iL+S73vm6zu9ecJkGIt5Wlwk/jNhpHDQDn ymijstrlYo4yuda1QORcMmUkDGLeJ60jnJWXV2cbc23JzyTmK1UjsvTTs0xYbcDtwDT9YmmiU1RfsYBTiDgI0MEjhiKcAiGlJ59uHCQEHeInDhJKDB5jhb6SZtRFacKRuw5fU9ptV+wMa21Z2rUPu0S0itJaWOGNILqJGG9m 23ymXHW7G/eufHUZ7ukv1d4RcQqnBH7l+6z8r863YtCEyumh4B6Sgyju/MLl8zcij65/aUrRQ4JcRqfUF4S9o3y855to0lN7/pumcm/mkrN6rVf1GZ406ekAbs/x9kOdhZqrlNzt2jSS/iIEiYxhSrNcxl1bGATDfK+xgMe8 WRdWTfWrXX3UWp1FJpxfAvr/h1S76mz</latexit><latexit sha1_base64="396NalkEu97bn3uNU/d/WMgodyI=">AAADAXicjVHLSsRAECzja32vj5uXoCusI kuigiIeFrx4VHBV8MUkzmowyYTJRJCwJ//Emzfx6g941Yv4B/oX9owR1EW0Q5Ka6q6a6WkvCYNUOc5Lh9XZ1d3TW+rrHxgcGh4pj47tpCKTPm/4IhRyz2MpD4OYN1SgQr6XSM4iL+S73vm6zu9ecJkGIt5Wlwk/jNhpHDQDn ymijstrlYo4yuda1QORcMmUkDGLeJ60jnJWXV2cbc23JzyTmK1UjsvTTs0xYbcDtwDT9YmmiU1RfsYBTiDgI0MEjhiKcAiGlJ59uHCQEHeInDhJKDB5jhb6SZtRFacKRuw5fU9ptV+wMa21Z2rUPu0S0itJaWOGNILqJGG9m 23ymXHW7G/eufHUZ7ukv1d4RcQqnBH7l+6z8r863YtCEyumh4B6Sgyju/MLl8zcij65/aUrRQ4JcRqfUF4S9o3y855to0lN7/pumcm/mkrN6rVf1GZ406ekAbs/x9kOdhZqrlNzt2jSS/iIEiYxhSrNcxl1bGATDfK+xgMe8 WRdWTfWrXX3UWp1FJpxfAvr/h1S76mz</latexit><latexit sha1_base64="RyA5Ywq67T44T65cFlhND74LNL8=">AAADAXicjVHLSsRAECzj+73q0UtwV1hFl kQFRTwsePG4gquCLyZx1LBJJkwmgoQ9+SfevIlXf8CrXsQ/0L+wZ4ygLqITktRUd9VMd3tJGKTKcV66rO6e3r7+gcGh4ZHRsfHSxOROKjLp86YvQiH3PJbyMIh5UwUq5HuJ5CzyQr7rtTZ0fPeCyzQQ8ba6TPhhxM7i4DTwm SLquLReqYijfL5dPRAJl0wJGbOI50n7KGfVtaW59kJnwDOBuUrluFR2ao5ZdidwC1BGsRqi9IwDnEDAR4YIHDEU4RAMKT37cOEgIe4QOXGSUGDiHG0MkTajLE4ZjNgWfc9ot1+wMe21Z2rUPp0S0itJaWOWNILyJGF9mm3im XHW7G/eufHUd7ukv1d4RcQqnBP7l+4z8786XYvCKVZNDQHVlBhGV+cXLpnpir65/aUqRQ4JcRqfUFwS9o3ys8+20aSmdt1bZuKvJlOzeu8XuRne9C1pwO7PcXaCncWa69TcLadcXy5GPYBpzKBK81xBHZtooEne13jAI56sK +vGurXuPlKtrkIzhW/Lun8HVSum+w==</latexit>
o⇤(pa(:4)
<latexit sha1_base64="77PsDojRDQL6dcGcBHQTsMv/SSs=">AAAC53icjVHLSsQwFD3W93t87NwUHWF0M bQiKK4G3LgcwVHBZ1ozGmybkqaClNm7cydu/QG3+ifiH+hfeBMr+EA0pe3Jufec5N4bpJHItOc9dzndPb19/QODQ8Mjo2PjlYnJ7UzmKuStUEZS7QYs45FIeEsLHfHdVHEWBxHfCc7XTXzngqtMyGRLX6b8IGaniWiLkGmij iqz1ao8LBY7tX2ZcsW0VAmLeZF2DgtWW1te6FSrR5U5r+7Z5f4EfgnmGtPt9jGApqw8YR8nkAiRIwZHAk04AkNGzx58eEiJO0BBnCIkbJyjgyHS5pTFKYMRe07fU9rtlWxCe+OZWXVIp0T0KlK6mCeNpDxF2Jzm2nhunQ37m 3dhPc3dLukflF4xsRpnxP6l+8j8r87UotHGqq1BUE2pZUx1YemS266Ym7ufqtLkkBJn8AnFFeHQKj/67FpNZms3vWU2/mIzDWv2YZmb49Xckgbsfx/nT7C9VPe9ur9Jk17G+xrADGZRo3muoIENNNEi7yvc4wGPjnCunRvn9 j3V6So1U/iynLs3MNSd3A==</latexit><latexit sha1_base64="ZsdERXZr8iK9FgYIB3JdTpqn3NQ=">AAAC53icjVHLSsQwFD3W93t87NwUHWF0M bQyoLgacONyBEcFX6Q1o8G2KWkqSJm9O3fi1h9wq38i/oH+hTexgg9Eb2l7cu49J7m5QRqJTHvec4/T29c/MDg0PDI6Nj4xWZma3slkrkLeDmUk1V7AMh6JhLe10BHfSxVncRDx3eB8w+R3L7jKhEy29WXKD2N2moiOCJkm6 rgyX63Ko2K5WzuQKVdMS5WwmBdp96hgtfXGUrdaPa4seHXPhvsT+CVYaM52bLRk5QkHOIFEiBwxOBJowhEYMnr24cNDStwhCuIUIWHzHF2MkDanKk4VjNhz+p7Sar9kE1obz8yqQ9ololeR0sUiaSTVKcJmN9fmc+ts2N+8C +tpznZJ/6D0ionVOCP2L91H5X91pheNDtZsD4J6Si1jugtLl9zeijm5+6krTQ4pcQafUF4RDq3y455dq8ls7+Zumc2/2ErDmnVY1uZ4NaekAfvfx/kT7KzUfa/ub9GkG3iPIcxhHjWa5yqa2EQLbfK+wj0e8OgI59q5cW7fS 52eUjODL+HcvQHd7p8U</latexit><latexit sha1_base64="ZsdERXZr8iK9FgYIB3JdTpqn3NQ=">AAAC53icjVHLSsQwFD3W93t87NwUHWF0M bQyoLgacONyBEcFX6Q1o8G2KWkqSJm9O3fi1h9wq38i/oH+hTexgg9Eb2l7cu49J7m5QRqJTHvec4/T29c/MDg0PDI6Nj4xWZma3slkrkLeDmUk1V7AMh6JhLe10BHfSxVncRDx3eB8w+R3L7jKhEy29WXKD2N2moiOCJkm6 rgyX63Ko2K5WzuQKVdMS5WwmBdp96hgtfXGUrdaPa4seHXPhvsT+CVYaM52bLRk5QkHOIFEiBwxOBJowhEYMnr24cNDStwhCuIUIWHzHF2MkDanKk4VjNhz+p7Sar9kE1obz8yqQ9ololeR0sUiaSTVKcJmN9fmc+ts2N+8C +tpznZJ/6D0ionVOCP2L91H5X91pheNDtZsD4J6Si1jugtLl9zeijm5+6krTQ4pcQafUF4RDq3y455dq8ls7+Zumc2/2ErDmnVY1uZ4NaekAfvfx/kT7KzUfa/ub9GkG3iPIcxhHjWa5yqa2EQLbfK+wj0e8OgI59q5cW7fS 52eUjODL+HcvQHd7p8U</latexit><latexit sha1_base64="5XTJx/GnrxIBT2FrpdLj42o0EOI=">AAAC53icjVHLSsQwFD1T3+Nr1KWbMjPC6 GJoRVBcCW5cKjgqjA/SGjXYNiVNBSmzd+dO3PoDbvVPxD/Qv/AmVvCBaErbk3PvOcm9N0gjkWnPe644ff0Dg0PDI9XRsfGJydrU9E4mcxXyTigjqfYClvFIJLyjhY74Xqo4i4OI7wbn6ya+e8FVJmSyrS9TfhCz00SciJBpo o5q9WZTHhYLvda+TLliWqqExbxIe4cFa60uzfeazaNaw2t7drk/gV+CBsq1KWtP2McxJELkiMGRQBOOwJDR04UPDylxByiIU4SEjXP0UCVtTlmcMhix5/Q9pV23ZBPaG8/MqkM6JaJXkdLFHGkk5SnC5jTXxnPrbNjfvAvra e52Sf+g9IqJ1Tgj9i/dR+Z/daYWjROs2BoE1ZRaxlQXli657Yq5ufupKk0OKXEGH1NcEQ6t8qPPrtVktnbTW2bjLzbTsGYflrk5Xs0tacD+93H+BDuLbd9r+1teY22pHPUwZlFHi+a5jDVsYBMd8r7CPR7w6Ajn2rlxbt9Tn UqpmcGX5dy9AeAqnFw=</latexit>
, pb(:3))
<latexit sha1_base64="599PQTFiN/mQY77LHcqpWofYdYA=">AAAC43icjVHLSsNAFD3GV62v+tgJErSCg pREBcVVwY3LClYFn5M41dAkEyYToZTu3LkTt/6AW/0X8Q/0L7wzjeAD0QlJzpx7z5m593pJGKTKcV56rN6+/oHBwlBxeGR0bLw0MbmXikz6vO6LUMgDj6U8DGJeV4EK+UEiOYu8kO97zS0d37/iMg1EvKtaCT+O2EUcNAKfK aJOS7Pl8vKRSLhkSsiYRbyddE7a3uLm6lJnqVw+Lc07Fccs+ydwczBfnW40zgDUROkZRziHgI8METhiKMIhGFJ6DuHCQULcMdrESUKBiXN0UCRtRlmcMhixTfpe0O4wZ2Paa8/UqH06JaRXktLGAmkE5UnC+jTbxDPjrNnfv NvGU9+tRX8v94qIVbgk9i/dR+Z/dboWhQY2TA0B1ZQYRlfn5y6Z6Yq+uf2pKkUOCXEan1NcEvaN8qPPttGkpnbdW2biryZTs3rv57kZ3vQtacDu93H+BHsrFdepuDs06TV0VwEzmMMizXMdVWyjhjp5X+MBj3iyuHVj3Vp33 VSrJ9dM4cuy7t8BPD6b8g==</latexit><latexit sha1_base64="S3Nx9i0xZnzlVcerFK/Rhuq5RCo=">AAAC43icjVHLSsNAFD2N73d97AQJtoKCl EQFxZXgxqWCrYLWMolTDSaZMJkIUrpz507c+gNu9V/EP9C/8M40BbWI3pDkzLn3nJk710vCIFWO81aw+voHBoeGR0bHxicmp4rTM7VUZNLnVV+EQh57LOVhEPOqClTIjxPJWeSF/Mi72tX5o2su00DEh+om4fWIXcRBM/CZI qpRXCiXV09FwiVTQsYs4q2kfdbylrfXV9or5XKjWHIqjgm7F7g5KO3MNU3si+IrTnEOAR8ZInDEUIRDMKT0nMCFg4S4OlrESUKByXO0MUrajKo4VTBir+h7QauTnI1prT1To/Zpl5BeSUobS6QRVCcJ691sk8+Ms2Z/824ZT 322G/p7uVdErMIlsX/pupX/1eleFJrYMj0E1FNiGN2dn7tk5lb0ye0vXSlySIjT+JzykrBvlN17to0mNb3ru2Um/24qNavXfl6b4UOfkgbs/hxnL6itVVyn4h7QpDfQiWHMYxHLNM9N7GAP+6iS9y2e8IwXi1t31r310Cm1C rlmFt/CevwE6VidKg==</latexit><latexit sha1_base64="S3Nx9i0xZnzlVcerFK/Rhuq5RCo=">AAAC43icjVHLSsNAFD2N73d97AQJtoKCl EQFxZXgxqWCrYLWMolTDSaZMJkIUrpz507c+gNu9V/EP9C/8M40BbWI3pDkzLn3nJk710vCIFWO81aw+voHBoeGR0bHxicmp4rTM7VUZNLnVV+EQh57LOVhEPOqClTIjxPJWeSF/Mi72tX5o2su00DEh+om4fWIXcRBM/CZI qpRXCiXV09FwiVTQsYs4q2kfdbylrfXV9or5XKjWHIqjgm7F7g5KO3MNU3si+IrTnEOAR8ZInDEUIRDMKT0nMCFg4S4OlrESUKByXO0MUrajKo4VTBir+h7QauTnI1prT1To/Zpl5BeSUobS6QRVCcJ691sk8+Ms2Z/824ZT 322G/p7uVdErMIlsX/pupX/1eleFJrYMj0E1FNiGN2dn7tk5lb0ye0vXSlySIjT+JzykrBvlN17to0mNb3ru2Um/24qNavXfl6b4UOfkgbs/hxnL6itVVyn4h7QpDfQiWHMYxHLNM9N7GAP+6iS9y2e8IwXi1t31r310Cm1C rlmFt/CevwE6VidKg==</latexit><latexit sha1_base64="AZd/Xxi37g+bL4FJ8kcF6OT5b7o=">AAAC43icjVHLSsRAECzje31FPQoS3AgKs iQqKJ4WvHhcwVXBF5M4atgkEyYTQZa9efMmXv0Br/ov4h/oX9gzZsEHohOS1FR31Ux3B1kc5crzXnqs3r7+gcGh4crI6Nj4hD05tZuLQoa8GYpYyP2A5TyOUt5UkYr5fiY5S4KY7wWtTR3fu+Qyj0S6o64yfpSw8zQ6i0Kmi DqxZ1136VBkXDIlZMoS3s46x+1gYWNlsbPouid21at5Zjk/gV+CKsrVEPYzDnEKgRAFEnCkUIRjMOT0HMCHh4y4I7SJk4QiE+fooELagrI4ZTBiW/Q9p91Byaa01565UYd0SkyvJKWDedIIypOE9WmOiRfGWbO/ebeNp77bF f2D0ishVuGC2L903cz/6nQtCmdYNzVEVFNmGF1dWLoUpiv65s6nqhQ5ZMRpfEpxSTg0ym6fHaPJTe26t8zEX02mZvU+LHMLvOlb0oD97+P8CXaXa75X87e9an21HPUQZjCHBZrnGurYQgNN8r7GAx7xZHHrxrq17j5SrZ5SM 40vy7p/B+uUmnI=</latexit>
(pa(:5), pb(:4))
<latexit sha1_base64="wimIS+0h5Np9veBbVpg07eL50Z0=">AAAC/XicjVHLSsNAFD2N7/pqdekmaIUWp CSiKK4ENy4VbCv4YhJHDSaZMJkIpRT/xJ07cesPuNWt+Af6F96ZRlCL6A1Jzpx7z5m5c70kDFLlOK8Fa2BwaHhkdKw4PjE5NV0qzzRTkUmfN3wRCrnvsZSHQcwbKlAh308kZ5EX8pZ3uaXzrSsu00DEe6qd8KOIncfBWeAzR dRJab1SqR6KhEumhIxZxDtJ97jDqhurte6S3Z/xqhsrtW6tUjkpLTh1x4TdD9wcLGyWW0Og2BGlFxziFAI+MkTgiKEIh2BI6TmACwcJcUfoECcJBSbP0UWRtBlVcapgxF7S95xWBzkb01p7pkbt0y4hvZKUNhZJI6hOEta72 SafGWfN/ubdMZ76bG36e7lXRKzCBbF/6T4r/6vTvSicYd30EFBPiWF0d37ukplb0Se3v3SlyCEhTuNTykvCvlF+3rNtNKnpXd8tM/k3U6lZvfbz2gzv+pQ0YPfnOPtBc7nuOnV3lybtohejmMM8qjTPNWxiGztokPcNHvGEZ +vaurXurPteqVXINbP4FtbDB5b+pbE=</latexit><latexit sha1_base64="TavPBPRZMgYLEz3Gwmrr3SWdjew=">AAAC/XicjVHLSsNAFD3G97vVpZugFVqQk oiidFVx41LBWsEXkzhqMMmEyUSQUvyT7tyJW3/ArW7FP9Cv0DtjBLWITkhy5tx7zsy910vCIFWO89xj9fb1DwwODY+Mjo1PTBaKUzupyKTPG74Ihdz1WMrDIOYNFaiQ7yaSs8gLedM7X9fx5gWXaSDibXWZ8IOIncbBSeAzR dRRYbVUKu+LhEumhIxZxFtJ+7DFyrXlSnvB7o545dpSpV0plY4Kc07VMcvuBm4O5urFZt/b+lpnUxSesI9jCPjIEIEjhiIcgiGlZw8uHCTEHaBFnCQUmDhHGyOkzSiLUwYj9py+p7Tby9mY9tozNWqfTgnplaS0MU8aQXmSs D7NNvHMOGv2N++W8dR3u6S/l3tFxCqcEfuX7jPzvzpdi8IJVk0NAdWUGEZX5+cumemKvrn9pSpFDglxGh9TXBL2jfKzz7bRpKZ23Vtm4i8mU7N67+e5GV71LWnA7s9xdoOdxarrVN0tmrSLjzWEGcyiTPNcQR0b2ESDvDu4x wMerSvr2rqxbj9SrZ5cM41vy7p7B0Mpp9E=</latexit><latexit sha1_base64="TavPBPRZMgYLEz3Gwmrr3SWdjew=">AAAC/XicjVHLSsNAFD3G97vVpZugFVqQk oiidFVx41LBWsEXkzhqMMmEyUSQUvyT7tyJW3/ArW7FP9Cv0DtjBLWITkhy5tx7zsy910vCIFWO89xj9fb1DwwODY+Mjo1PTBaKUzupyKTPG74Ihdz1WMrDIOYNFaiQ7yaSs8gLedM7X9fx5gWXaSDibXWZ8IOIncbBSeAzR dRRYbVUKu+LhEumhIxZxFtJ+7DFyrXlSnvB7o545dpSpV0plY4Kc07VMcvuBm4O5urFZt/b+lpnUxSesI9jCPjIEIEjhiIcgiGlZw8uHCTEHaBFnCQUmDhHGyOkzSiLUwYj9py+p7Tby9mY9tozNWqfTgnplaS0MU8aQXmSs D7NNvHMOGv2N++W8dR3u6S/l3tFxCqcEfuX7jPzvzpdi8IJVk0NAdWUGEZX5+cumemKvrn9pSpFDglxGh9TXBL2jfKzz7bRpKZ23Vtm4i8mU7N67+e5GV71LWnA7s9xdoOdxarrVN0tmrSLjzWEGcyiTPNcQR0b2ESDvDu4x wMerSvr2rqxbj9SrZ5cM41vy7p7B0Mpp9E=</latexit><latexit sha1_base64="dnh+0SYRl+R7/7DPRw5h5sVYviw=">AAAC/XicjVHLSsNAFD2N7/qqunQTbIUWp CSiKK4KblxWsFrwxSSOGkwyYTIRpBT/xJ07cesPuNWt+Af6F94ZU1CL6IQkZ86958zce70kDFLlOK8Fa2BwaHhkdKw4PjE5NV2amd1NRSZ93vJFKGTbYykPg5i3VKBC3k4kZ5EX8j3vYlPH9y65TAMR76irhB9G7CwOTgOfK aKOS+uVSvVAJFwyJWTMIt5JukcdVt1YrXWX7P6IV91YqXVrlcpxqezUHbPsfuDmoIx8NUXpBQc4gYCPDBE4YijCIRhSevbhwkFC3CE6xElCgYlzdFEkbUZZnDIYsRf0PaPdfs7GtNeeqVH7dEpIrySljUXSCMqThPVptolnx lmzv3l3jKe+2xX9vdwrIlbhnNi/dL3M/+p0LQqnWDc1BFRTYhhdnZ+7ZKYr+ub2l6oUOSTEaXxCcUnYN8pen22jSU3turfMxN9Mpmb13s9zM7zrW9KA3Z/j7Ae7y3XXqbvbTrnh5qMexTwWUKV5rqGBLTTRIu8bPOIJz9a1d WvdWfefqVYh18zh27IePgAX5aUE</latexit>
(pa(:4), pb(:2))
<latexit sha1_base64="pFMQk4SWuUlLTl9xV84o/gjQ9AY=">AAACIHicbVDLSsNAFJ3UV62vqEs3wUZIQUpSCpWuCm5cVr APaGOZTCft0EkmzEyEEvIpbvwVNy4U0Z1+jZM2C209cOFwzr3ce48XUSKkbX9phY3Nre2d4m5pb//g8Eg/PukKFnOEO4hRxvseFJiSEHckkRT3I45h4FHc82bXmd97wFwQFt7JeYTdAE5C4hMEpZJGesM0rSGLMIeS8RAGOInS+wRazXolvVw3PKtZq6QV0xzp ZbtqL2CsEycnZZCjPdI/h2OG4gCHElEoxMCxI+kmkEuCKE5Lw1jgCKIZnOCBotlG4SaLB1PjQiljw2dcVSiNhfp7IoGBEPPAU50BlFOx6mXif94glv6Vm5AwiiUO0XKRH1NDMiNLyxgTjpGkc0Ug4kTdaqAp5BBJlWlJheCsvrxOurWqY1ed21q5Vc/jKIIzcA 4s4IAGaIEb0AYdgMAjeAav4E170l60d+1j2VrQ8plT8Afa9w9Sb6Jb</latexit><latexit sha1_base64="pFMQk4SWuUlLTl9xV84o/gjQ9AY=">AAACIHicbVDLSsNAFJ3UV62vqEs3wUZIQUpSCpWuCm5cVr APaGOZTCft0EkmzEyEEvIpbvwVNy4U0Z1+jZM2C209cOFwzr3ce48XUSKkbX9phY3Nre2d4m5pb//g8Eg/PukKFnOEO4hRxvseFJiSEHckkRT3I45h4FHc82bXmd97wFwQFt7JeYTdAE5C4hMEpZJGesM0rSGLMIeS8RAGOInS+wRazXolvVw3PKtZq6QV0xzp ZbtqL2CsEycnZZCjPdI/h2OG4gCHElEoxMCxI+kmkEuCKE5Lw1jgCKIZnOCBotlG4SaLB1PjQiljw2dcVSiNhfp7IoGBEPPAU50BlFOx6mXif94glv6Vm5AwiiUO0XKRH1NDMiNLyxgTjpGkc0Ug4kTdaqAp5BBJlWlJheCsvrxOurWqY1ed21q5Vc/jKIIzcA 4s4IAGaIEb0AYdgMAjeAav4E170l60d+1j2VrQ8plT8Afa9w9Sb6Jb</latexit><latexit sha1_base64="pFMQk4SWuUlLTl9xV84o/gjQ9AY=">AAACIHicbVDLSsNAFJ3UV62vqEs3wUZIQUpSCpWuCm5cVr APaGOZTCft0EkmzEyEEvIpbvwVNy4U0Z1+jZM2C209cOFwzr3ce48XUSKkbX9phY3Nre2d4m5pb//g8Eg/PukKFnOEO4hRxvseFJiSEHckkRT3I45h4FHc82bXmd97wFwQFt7JeYTdAE5C4hMEpZJGesM0rSGLMIeS8RAGOInS+wRazXolvVw3PKtZq6QV0xzp ZbtqL2CsEycnZZCjPdI/h2OG4gCHElEoxMCxI+kmkEuCKE5Lw1jgCKIZnOCBotlG4SaLB1PjQiljw2dcVSiNhfp7IoGBEPPAU50BlFOx6mXif94glv6Vm5AwiiUO0XKRH1NDMiNLyxgTjpGkc0Ug4kTdaqAp5BBJlWlJheCsvrxOurWqY1ed21q5Vc/jKIIzcA 4s4IAGaIEb0AYdgMAjeAav4E170l60d+1j2VrQ8plT8Afa9w9Sb6Jb</latexit><latexit sha1_base64="pFMQk4SWuUlLTl9xV84o/gjQ9AY=">AAACIHicbVDLSsNAFJ3UV62vqEs3wUZIQUpSCpWuCm5cVr APaGOZTCft0EkmzEyEEvIpbvwVNy4U0Z1+jZM2C209cOFwzr3ce48XUSKkbX9phY3Nre2d4m5pb//g8Eg/PukKFnOEO4hRxvseFJiSEHckkRT3I45h4FHc82bXmd97wFwQFt7JeYTdAE5C4hMEpZJGesM0rSGLMIeS8RAGOInS+wRazXolvVw3PKtZq6QV0xzp ZbtqL2CsEycnZZCjPdI/h2OG4gCHElEoxMCxI+kmkEuCKE5Lw1jgCKIZnOCBotlG4SaLB1PjQiljw2dcVSiNhfp7IoGBEPPAU50BlFOx6mXif94glv6Vm5AwiiUO0XKRH1NDMiNLyxgTjpGkc0Ug4kTdaqAp5BBJlWlJheCsvrxOurWqY1ed21q5Vc/jKIIzcA 4s4IAGaIEb0AYdgMAjeAav4E170l60d+1j2VrQ8plT8Afa9w9Sb6Jb</latexit>
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(b)
Figure 2: (a) Illustrations of the ordering procedure as path finding for the example in Figure 1. (b)
Illustration of how our proposed method optimizes such relative ordering.
With this analogy, the optimal cross-group ordering o∗(pa,pb) can be achieved by a greedy path
finding process. The path must start from pa(1) or pb(1), and end with pa(n
a) or pb(n
b). Each
instance in pa and pb can only appear once in the final path, and the orders of the instances in
the final path must be the same as their orders in pa and pb. The path can be obtained through
a dynamic programming process. In particular, we first partition the entire decision space into a
(nb + 1) × (na + 1) grid. Each location (i, j) 0 6 i 6 na, 0 6 j 6 nb on the lattice corresponds
to a decision step on determining whether to add pa(i) or pb(j) into the current path, which can be
determined with the following rule:
Given o∗(pa(:i−1),pb(:j)), o∗(pa(:i),pb(:j−1))
if : Ĝ(o∗(pa(:i−1),pb(:j)) +©pa(i)) > Ĝ(o∗(pa(:i),pb(:j−1)) +©pb(j))
o∗(pa(:i),pb(:j)) = o∗(pa(:i−1),pb(:j)) +©pa(i);
otherwise : o∗(pa(:i),pb(:j)) = o∗(pa(:i),pb(:j−1)) +©pb(j),
(8)
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where pa(:i) represents the first i elements in pa (and pa(:i−1),pb(:j−1),pb(:j) are similarly defined).
o∗(pa(:i−1),pb(:j)) +©pa(i) means appending pa(i) to the end of o∗(pa(:i−1),pb(:j)). The value of
function Ĝ(o(pa(:i),pb(:j))) is defined as follows
Ĝ(o(pa(:i),pb(:j))) = ka,b · xAUC(o(pa(:i),pb(:j)) +©pb(j+1:nb))
+ kb,a · xAUC(o(pb(:j),pa(:i)) +©pa(i+1:na))
+ (λ · k) ·
∣∣∣xAUC(o(pa(:i),pb(:j)) +©pb(j+1:nb))− xAUC(o(pb(:j),pa(:i)) +©pa(i+1:na))∣∣∣ , (9)
in which Ĝ(o(pa(:i),pb(:j))) = G(o(pa,pb)) in Eq. 15 when i = na, j = nb.
Figure 2(b) demonstrates the case of applying our rule to step i = 4, j = 3 in the example shown in
Figure 1.
Algorithm 1 summarized the whole pipeline of identifying the optimal path. In particular, our
algorithm calculates a cost for every point (i, j) in the decision lattice as the value of the Ĝ function
evaluated on the path reaching (i, j) from (0, 0). Please note that the first row (j = 0) only involves
the instances in a, therefore the path reaching to the points in this row are uniquely defined considering
the within group instance order should be preserved in the path. The decision points in the first
column (i = 0) enjoy similar characteristics. After the cost values for the decision points in first row
and column are calculated, the costs values on the rest of the decision points in the lattice can be
calculated iteratively until i = na and j = nb.
Algorithm 1 can also be viewed as a process to maximize the objective function in Eq.(6). Different
λ values trade-off the algorithm utility and ranking fairness differently and the solution Algorithm 1
converges to is a local optima. Moreover, we have the following proposition.
Proposition 3. xOrder can achieve the global optimal solution of maximizing Eq.(6) with λ = 0.
The proof of this proposition is provided in the supplemental material.
Algorithm 1: xOrder: optimize the cross-group ordering with post-processing
Input: λ, the ranking scores Sa, Sb from a predictive ranking function R
Sort the ranking scores Sa and Sb in descending order. Get the instances ranking
pa = [pa(1),pa(2), ...pa(n
a)] and pb = [pb(1),pb(1), ...pb(n
b)]
Initialize cross-group ordering o∗(pa(:i),pb(:0)) (0 ≤ i ≤ na), o∗(pa(:0),pb(:j)) (0 ≤ j ≤ nb),
forall i = 1, 2, 3... na do
forall j = 1, 2, 3...nb do
Calculate Ĝ(o∗(pa(:i−1),pb(:j)) +©pa(:i)), Ĝ(o∗(pa(:i),pb(:j−1)) +©pb(:j)) using the Eq.9
Update o∗(pa(:i),pb(:j)) according to the Eq.8
end
end
Output: the learnt cross-group ordering o∗(pa,pb)
The testing phase. Since the learned ordering in training phase cannot be directly used in testing
stage, we propose to transfer the information of the learned ordering by rearranging the ranking
scores of the disadvantaged group (which is assumed to be group b without the loss of generality). In
particular, the process contains two steps:
1. Ranking score adjustment for the disadvantaged group in training data. Fixing the ranking
scores for training instances in group a, the adjusted ranking scores for training instances in
group b will be obtained by uniform linear interpolation according to their relative positions in the
learned ordering. For example, if we have an ordered sequence (pa(1),pb(1),pb(2),pa(2)) with the
ranking scores for pa(1) and pa(2) being 0.8 and 0.5, then the adjusted ranking scores for pb(1)
and pb(2) being 0.7 and 0.6.
2. Ranking score adjustment for the disadvantaged group in testing data. For testing instances, we
follow the same practice of just adjusting the ranking scores of the instances from group b but keep
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Table 1: Summary of benchmark data sets
.
Dataset n p A Y
COMPAS[1] 6,167 400 Race(white, non-white) Non-recidivism within 2 years
Adult[22] 30,162 98 Race(white, non-white) Income ≥ 50K
German [24] 1,000 57 Age(≥ 25, < 25) Creditworthiness
Framingham [23] 4,658 7 Gender(male,female) 10-year CHD incidence
the ranking scores for instances from group a unchanged. For the adjustment process, we first
rank both training and testing instances from group b according to their raw unadjusted ranking
scores to get an ordered list. Then the adjusted ranking scores for testing instances in b can be
obtained by linear interpolation from the adjusted ranking scores of the training instances in b.
5 Experiment
Data sets. We conduct experiments on 4 popular benchmark data sets for studying algorithm fairness
using the same setting as in [19]. The basic information for these data sets are summarized in Table 1,
where n and p are the number of instances and features, and CHD is the abbreviation of coronary
heart disease. We also use MIMIC-III, a real world electronic health record repository for ICU
patients [17], to study ranking fairness in real world clinical ranking prediction scenarios. The data
set was preprocessed as in [16] with n = 21,139 and p = 714. Each instance is a specific ICU stay.
For label Y, we consider in-hospital mortality and prolonged length of stay (whether the ICU stay
is longer than 1 week). For protected variable A, we consider gender (male, female) and ethnicity
(white, non-white).
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Figure 3: AUC-∆xAUC trade-off with logistic regression model.
Evaluation Settings. We adopt two classification models, logistic regression and bipartite rank-
boost [11], in our empirical evaluations. ∆xAUC and ∆PRF are used as ranking fairness metrics
and AUC is used to measure the algorithm utility. The algorithms that originally proposed xAUC [19]
and PRF [2] are evaluated as baselines, which are denoted as post-logit and corr-reg, respectively.
We also report the performance obtained by the two original classification models without fairness
considerations (called unadjusted).
During evaluation, for post-processing algorithms including post-logit and xOrder, we first train
the classifiers on training data without any specific considerations on ranking fairness to obtain
the unadjusted prediction ranking scores, and then apply them to adjust these scores. For corr-reg,
we directly train the classifiers with additional fairness regularization. The total AUC and ranking
fairness metrics on test data are reported. In addition, we plot a curve showing the trade-off between
ranking fairness and algorithm utility for xOrder and corr-reg with varying the trade-off parameter.
We repeat each setting of the experiment ten times and report the average results.
7
To make the comparisons fair, we report the results of different methods under the same classification
model separately. Since it is difficult to add the pairwise fairness regularization into the training
framework of bipartite rankboost, we only implement corr-reg with logistic regression.
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Figure 4: AUC-∆PRF trade-off with logistic regression model.
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Figure 5: AUC-∆xAUC trade-off with bipartite rankboost model.
Evaluation Results. The results obtained with logistic regression and ∆xAUC metric are shown
in Figure 3. For MIMIC-III, we show the results as Y−A combinations (mortality-gender and
prolonged length of stay (LOS)-ethnicity).
All three methods considering ranking fairness (xOrder, corr-reg, post-logit) are able to obtain lower
∆xAUC comparing to the unadjusted results. xOrder and post-logit can achieve ∆xAUC closed
to zero on almost all the datasets. This supports proposition 1 empirically that post-processing by
changing cross-group ordering have the potential to achieve ∆xAUC closed to zero. corr-reg fails to
obtain results with low ranking disparities on COMPAS and German. One possible reason is that the
correlation regularizer is only an approximation of ranking disparity under PRF metric.
Another observation is that xOrder can achieve better trade-off between utility and fairness. It can
obtain competitive or obviously better AUC under the same level of ∆xAUC when compared with
other methods, especially in the regiment with low ∆xAUC. corr-reg performs worse than other
methods in COMPAS, while post-logit performs worse in Adult and Fragmingham. xOrder performs
well consistently on all data sets.
Figure 4 illustrates the results with logistic regression and ∆PRF metric on four data sets. The
findings are similar to those in Figure 3, since ∆PRF and ∆xAUC are highly correlated on these
data sets. Although the regularization term in corr-reg is related to the definition of ∆PRF, xOrder
maintains its superiority over corr-reg.
The results on bipartite rankboost model and the associated ∆xAUC are shown in Figure 5. It can still
be observed that xOrder achieves higher AUC than post-logit under the same ∆xAUC. Moreover,
post-logit cannot achieve ∆xAUC as low as xOrder on adult and COMPAS. This is because the
distributions of the prediction scores from the bipartite rankboost model on training and testing data
are significantly different. Therefore, the function in post-logit which achieves equal xAUC on
training data may not generalize well on test data. Our method is robust against such difference. We
empirically illustrate the relation between the distribution of the prediction ranking scores and the
generalization ability of post-progressing algorithms in Section F.3 of supplemental material.
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6 Conclusion
In this paper, we propose a general post-processing framework, xOrder, to achieve a good balance
between ranking fairness and model utility by direct adjustment of the cross group ranking orders.
We formulate xOrder as an optimization problem and propose a dynamic programming process to
solve it. Empirical results on both benchmark and real world medical data sets demonstrated that
xOrder can achieve a low ranking disparity while keep a maximum algorithm utility.
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Broader Impact Statement
In this paper we investigate the problem of algorithmic fairness, which has attracted lots of attentions
in a variety of application domains involving algorithmic decision making such as criminal justice,
healthcare insurance plan enrollment, job recruitment, etc. Algorithms that can lead to potential
decision disparity can be disastrous in these applications. Therefore it is crucial to develop algorithms
that can make fair decisions. The approach we proposed in this paper improves both algorithm
fairness and utility, and thus greatly enhances its generalization ability and trustworthiness.
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A Analysis on AUC, xAUC and PRF
A.1 Decomposing AUC into xAUC and iAUC
In fact, the AUC of the risk function can be decomposed into xAUC and iAUC, while iAUC means the probability
of positive instances rank above negative instances in the same group:
AUC =
1
k
· (ka · iAUC(a) + ka,b · xAUC(a, b) + kb,a · xAUC(b, a) + kb · iAUC(b))
iAUC(a) = Pr [Sa1 > S
a
0 ] =
1
ka
∑
i:i∈a,Yi=1
∑
j:j∈a,Yj=0
I [R (Xi, a) > R (Xj , a)]
iAUC(b) = Pr
[
Sb1 > S
b
0
]
=
1
kb
∑
i:i∈b,Yi=1
∑
j:j∈b,Yj=0
I [R (Xi, b) > R (Xj , b)]
xAUC(a, b) = Pr
[
Sa1 > S
b
0
]
=
1
ka,b
·
∑
i:i∈a,Yi=1
∑
j:j∈b,Yj=0
I [R(Xi, a) > R(Xj , b)]
xAUC(b, a) = Pr
[
Sb1 > S
a
0
]
=
1
kb,a
·
∑
i:i∈b,Yi=1
∑
j:j∈a,Yj=0
I [R(Xi, b) > R(Xj , a)]
(10)
in which ka,b, kb,a are the same as in the main text while k = n0n1, ka = na0na1 , kb = nb0nb1.
A.2 Analysis on PRF
From the decomposition Eq. 10, the metric of PRF can be decomposed into xAUC and iAUC as follows:
PRF(a) = Pr[Sa1 > S0] =
1
na1n0
·
∑
i:i∈a,Yi=1
∑
j:Yj=0
I [R(Xi, a) > R(Xj)]
PRF(b) = Pr[Sb1 > S0] =
1
nb1n0
·
∑
i:i∈b,Yi=1
∑
j:Yj=0
I [R(Xi, a) > R(Xj)]
(11)
According to the Eq. 10, the probability Pr[Sa1 > S0], Pr[Sb1 > S0] can be rewritten as follows:
Pr[Sa1 > S0] =
nb0
n0
· xAUC(a, b) + n
a
0
n0
· iAUC(a)
Pr[Sb1 > S0] =
na0
n0
· xAUC(b, a) + n
b
0
n0
· iAUC(b),
(12)
B Proof of Proposition 1
B.1 (∆xAUC)
Proof. Denote T a1 (i) =
∑
k≤i I
[
Y
pa(k)
=1
]
na1
, T a1 (i) is monotonically increasing on i from 0 to 1. Reversely,
denote T a0 (i) =
∑
k>i I
[
Y
pa(k)
=0
]
na0
and T a0 (i) is monotonically decreasing on i from 1 to 0. Then T
a
1 (i)−T a0 (i)
is monotonically increasing on i from -1 to 1. So there exists an i′ that T a1 (i′)− T a0 (i′) < 0 and T a1 (i′ + 1)−
T a0 (i
′ + 1) ≥ 0. Since the increment of T a1 (i)− T a0 (i) when i increases by 1 satisfies ∆(T a1 (i)− T a0 (i)) ≤
max( 1
na1
, 1
na0
), we can get −max( 1
na1
, 1
na0
) ≤ T a1 (i′)− T a0 (i′) < 0.
Consider a cross-group ordering which is generated by inserting the whole sequence pb between pa(i
′) and
pa(i
′+1), this operation will result in that positive examples pa(k) with Ypa(k) = 1, k ≤ i′ will be ranked higher
than all the negative examples in pb. And positive examples pa(k) with Ypa(k) = 1, k > i
′ will be ranked lower
than all the negative examples in pb. Then xAUC(a, b) equals T a1 (i′) with this cross-group ordering. Similarly,
we can obtain xAUC(b, a) = T a0 (i
′). Then ∆xAUC = |T a0 (i′)− T a1 (i′)|. According to the discussion above,
∆xAUC ≤ max( 1
na1
, 1
na0
).
If we consider the cross-group ordering generated by inserting the whole sequence pa between pb(j) and
pb(j+1), symmetrically we will find that there exists a corresponding j′ that ∆xAUC ≤ max( 1
nb1
, 1
nb0
) with this
cross-group ordering. We can choose one of these two cross-group ordering operations to achieve ∆xAUC ≤
min(max( 1
nb1
, 1
nb0
),max( 1
na1
, 1
na0
))
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B.2 (∆PRF)
Proof. Denote C = n
b
0
n0
iAUC(b)−na0
n0
iAUC(a), we can get −na0
n0
≤ C ≤ nb0
n0
. Since changing cross-group
ordering does not affect inner-group ordering, C is constant for given pb and pa.
With the same definition of T a1 (i) and T a0 (i) in the Section B.1, we will have
nb0
n0
T a1 (i) − n
a
0
n0
T a0 (i) is
monotonically increasing on i from −na0
n0
to n
b
0
n0
. Since 0 ∈ [−na0
n0
− C, nb0
n0
− C], there exists i′ satisfy-
ing n
b
0
n0
T a1 (i
′)− na0
n0
T a0 (i
′)−C < 0, nb0
n0
T a1 (i
′+1)− na0
n0
T a0 (i
′+1)−C ≥ 0 or nb0
n0
T a1 (i
′)− na0
n0
T a0 (i
′)−C ≤ 0,
nb0
n0
T a1 (i
′+1)− na0
n0
T a0 (i
′+1)−C > 0. Since the increment of nb0
n0
T a1 (i)− n
a
0
n0
T a0 (i)−C when i increases by 1 sat-
isfies ∆(n
b
0
n0
T a1 (i)− n
a
0
n0
T a0 (i)− C) ≤ max( n
b
0
na1n0
, 1
n0
), −max( nb0
na1n0
, 1
n0
) ≤ na0
n0
T a1 (i
′)− nb0
n0
T a0 (i
′)− C ≤
max(
nb0
na1n0
, 1
n0
).
Consider an cross-group ordering generated by inserting the whole sequence pb between pa(i
′) and pa(i
′+1).
xAUC(a, b) = T a1 (i
′) and xAUC(b, a) = T a0 (i
′). As in the calculation of ∆ PRF = |nb0
n0
xAUC(a, b) −
na0
n0
xAUC(b, a) − (nb0
n0
iAUC(b) − na0
n0
iAUC(a))| = |nb0
n0
T a1 (i
′) − na0
n0
T a0 (i
′) − C|, we can get ∆ PRF ≤
max(
nb0
na1n0
, 1
n0
).
If we consider the cross-group ordering generated by inserting the whole sequence pa between pb(j) and pb(j+1),
symmetrically we will find there exists a corresponding j′ that ∆ PRF ≤ max( na0
nb1n0
, 1
n0
). We can choose one
from these two cross-group ordering operations and achieve ∆ PRF ≤ min(max( nb0
na1n0
, 1
n0
),max(
na0
nb1n0
, 1
n0
)).
C Analysis on Proposition 2
C.1 Proof of Proposition 2
Proof. As we keep the with-in group ordering invariant, iAUC(a) and iAUC(b) remain the same after post-
processing procedure. For the objective function:
J(o(pa,pb)) = AUC(o(pa, pb))− λ ·∆xAUC(o(pa, pb)) (13)
the item AUC(o(pa, pb)) can be decomposed according to Eq. 10. We subtract the constant part ka · iAUC(a),
kb · iAUC(b) and multiply the formula by a constant k:
J(o(pa, pb)) =
1
k
(ka,b xAUC(o(p
a, pb)) + kb,a xAUC(o(p
b, pa))− λk∆xAUC(o(pa,pb))) + C (14)
where C is constant C = ka
k
· iAUC(pa) + kb
k
· iAUC(pb)
From Eq. 14, the target Eq. 13 is equivalent to:
G(o(pa, pb)) = ka,b · xAUC(o(pa, pb)) + kb,a · xAUC(o(pb,pa))− λ · k ·∆xAUC(o(pa, pb)). (15)
Consider the definition of Ĝ(o(pa(:i), pb(:j))) in main text Eq. (9) in which Ĝ(o(pa(:i),pb(:j))) is induced by
xAUC(o(pa(:i), pb)) and xAUC(o(pb(:j), pa)). The cross-group ordering o(pa(:i), pb) means appending the
sequence pb(j+1:n
b) to the given o(pa(:i),pb(:j)). The meanings of partial xAUC(o(pa(:i), pb)) is as follows:
xAUC(o(pa(:i),pb)) =
1
ka,b
·
∑
k:k6i,Y
pa(k)
=1
∑
h:h6nb,Y
pa(h)
=0
I
[
pa(k)  pb(h)
]
. (16)
C.2 Proposition 2 and the Objective Ĝ
Considering the definition of Ĝ(o(pa(:i), pb(:j))) in main text Eq. (9) in which Ĝ(o(pa(:i), pb(:j)))
is induced by xAUC(o(pa(:i), pb(:j)) +©pb(j+1:nb)) and xAUC(o(pb(:j),pa(:i)) +©pb(j+1:nb)), the cross-
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group ordering o(pa(:i), pb(:j)) +©pb(j+1:nb) means appending the sequence pb(j+1:nb) to the given
cross-group ordering o(pa(:i), pb(:j)) (o(pb(:j), pa(:i)) +©pa(i+1:na) is similarly defined). For expres-
sion convenience, we use o(pa(:i), pb) to replace o(pa(:i), pb(:j)) +©pb(j+1:nb), and o(pa(:i+1), pb) means
o(pa(:i),pb(:j)) +©pa(i+1) +©pb(j+1:nb). And the property of the partial xAUC is as follows:
xAUC(o(pa(:i), pb) =
1
ka,b
·
∑
k:k6i,Y
pa(k)
=1
∑
h:h6nb,Y
pa(h)
=0
I
[
pa(k)  pb(h)
]
xAUC(o(pa(:i+1), pb) = xAUC(o(pa(:i), pb) + I
[
Ypa(i+1) = 1
] · ( ∑
h:h>j
I
(
Ypb(h) = 0
)
)
(17)
Obviously, when i = na, j = nb, Ĝ equals to G in Proposition 2 of the main text.
C.3 Proposition 2 on PRF metric
The objective function under pairwise ranking fairness metric (PRF) is as follows:
J(o(pa, pb)) = AUC(o(pa, pb))− λ ·∆PRF(o(pa, pb)) (18)
As post-processing procedure does not change iAUC(a) and iAUC(b), the optimization target in Eq. 18 is
equivalent to:
Maxmizing: G(o(pa, pb))
G(o(pa, pb)) = ka,b · xAUC(o(pa, pb)) + kb,a · xAUC(o(pa, pb))− λ · k ·∆PRF(o(pa,pb)).
(19)
D Proof of Proposition 3
Proof. We will decompose the problem that maximizing AUC into (na + 1) · (nb + 1) subproblems, and Ĝ in
the main text in Eq. (9) when λ = 0 is equivalent to the objective in Eq. 20. We will use mathematical induction
to prove the conclusion that xOrder can achieve the global optimal solution to maximize AUC(o(pa, pb)). For
each subproblem given i, j with 0 ≤ i ≤ na, 0 ≤ j ≤ nb, the optimization target to maximize is:
Ĝ(o(pa(:i),pb(:j))) =
∑
k:k6i,Y
pa(k)
=1
∑
h:h6nb,Y
pb(h)
=0
I
[
pa(k)  pb(h)
]
+∑
k:k6na,Y
pa(k)
=0
∑
h:h6j,Y
pb(h)
=1
I
[
pb(h)  pa(k)
] (20)
For any 0 < i < na, 0 ≤ j ≤ nb, according to the property in Eq. 21, the update equation when pa(:i+1) is
appended to o(pa(:i),pb(:j)):
Ĝ(o(pa(:i), pb(:j)) +©pa(:i+1)) = Ĝ(o(pa(:i),pb(:j))) + I [Ypa(i+1) = 1] · ( ∑
h:h>j
I
(
Ypb(h) = 0
)
). (21)
Consider two trivial cases of o(pa(:0), pb(:j)) (0 < j ≤ nb) and o(pa(:i), pb(:0)) (0 < i ≤ na), there is only one
possible path. The unique solution is obtained at the initialized stage of xOrder algorithm.
For any given i and j satisfying i > 0 and j > 0, suppose xOrder has got the optimal solutions
o∗(pa(:i−1), pb(:j)) and o∗(pa(:i),pb(:j−1))) of the subproblems to maximize Ĝ(o(pa(:i−1),pb(:j))) and
Ĝ(o(pa(:i),pb(:j−1))) respectively.
Now, we will prove the solution o∗(pa(:i), pb(:j)) returned by xOrder is optimal by contradiction. Suppose there
exists o(pa(:i), pb(:j)) satisfying Ĝ(o(pa(:i), pb(:j))) > Ĝ(o∗(pa(:i),pb(:j))). There are two possible situations:
o(pa(:i),pb(:j)) ends with 1).pa(i), 2).pb(j). Without the loss of generality, we assume o(pa(:i), pb(:j)) ends with
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pa(i) and define o(pa(:i−1), pb(:j)) by o(pa(:i), pb(:j)) = o(pa(:i−1), pb(:j)) +©pa(:i). We can get the following
inequation:
Ĝ(o(pa(:i−1), pb(:j))) = Ĝ(o(pa(:i), pb(:j)))− I [Ypa(i) = 1] · ( ∑
h:h>j
I
(
Ypb(h) = 0
)
)
> Ĝ(o∗(pa(:i), pb(:j)))− I [Ypa(i) = 1] · ( ∑
h:h>j
I
(
Ypb(h) = 0
)
)
≥ Ĝ(o∗(pa(:i−1),pb(:j)) +©pa(i))− I [Ypa(i) = 1] · ( ∑
h:h>j
I
(
Ypb(h) = 0
)
),
= Ĝ(o∗(pa(:i−1),pb(:j)))
(22)
where ≥ in the third line holds due to the update process of xOrder in the main text Eq. (8). This vio-
lates the assumption that o∗(pa(:i−1), pb(:j))) is opitmal. For the situation that o(pa(:i), pb(:j)) ends with
pb(j), similarly we can derive Ĝ(o(pa(:i), pb(:j−1))) > Ĝ(o∗(pa(:i), pb(:j−1))), which violates the assump-
tion o∗(pa(:i), pb(:j−1))) is optimal. Summarizing the deduction above, we can get o∗(pa(:i),pb(:j)) must be
optimal.
Due to the generality of i and j, o∗(pa, pb) with i = na and j = nb is the global optimal solution to maximize
AUC(o(pa, pb)).
E Implementation details
E.1 Data preprocess
For the four fairness benchmark data sets, we use the preprocessed data sets from the resource of [19], while three
of them(COMPAS, Adult and German) are from the resource of [12]. All categorical variables will be encoded
as one-hot features. In german dataset, the situations sometimes happen that xAUC(a, b) > xAUC(b, a) in
training data while xAUC(a, b) < xAUC(b, a) in testing data. It is odd that one group is privileged in training
data but disadvantaged in testing data. So we avoid this situation when we split the data in german dataset.
For MIMIC-III data set, we preprocess the original data as in [16] for each ICU admission. EHR data of 17
selected clinical variables from the first 48 hours are used to extract features. For all clinical variables, different
statistics (mean, std, etc) of different time slices are extracted to form a vector with 714 features.
E.2 Training process of model
We first train a model without any fairness regularization to obtain the unadjusted result. The logistic regression
model is optimized by gradient descent, with learning rate of 0.1. The model is trained for at most 100 epochs. If
the training loss failed to reduce after 5 consecutive epochs, the training will be stopped. For bipartite rankboost
model, the number of estimators is 50 and learning rate is 1.0, which are the same as in the experiments of [19].
Post-logit With transformation function f(x) = 1
1+e−(αx+β) , We follow the same procedure in [19] to optimize
empirical disparity(∆xAUC or ∆PRF) with fixed β = −2. The value of α is chosen from [0, 10]. However,
we find that this setting can not obtain equal xAUC or PRF in MIMIC data set which has not been used in [19].
So we change β from [−1,−3] and α from [0, 10] when optimizing the empirical disparity on MIMIC data set.
Corr-reg For corr-reg, we train models of the same structure with various weights of fairness regularization.
Since the correlation regularization is only an approximation of the pairwise ranking disparity, we use the
corresponding ranking fairness metrics(∆xAUC or ∆PRF) as the criterion to determine the range of weights.
We initialize the weight to be 0 (equivalent to unadjusted) and increase it until the average ranking disparity
on training data is lower than 0.01 or does not decrease in 2 consecutive steps. We also apply this strategy to
xOrder.
E.3 Computing infrastructure and consumption
We run xOrder on computer with Intel i7-9750H CPU(@2.6GHz × 6) and 16 gb RAM. We report the average
running time of 10 evaluation runs in Table 2.
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Table 2: Time consumption of xOrder
Data set COMPAS Adult German Framingham MIMIC-III
n 6,167 30,162 1,000 4,658 21,139
time/sec 3.27± 0.44 38.67± 1.28 0.45± 0.43 2.11± 0.41 16.71± 0.61
Table 3: Summary of ranking fairness metrics on unadjusted result over 10 repeat experiments
Data set Logistic Regression Bipartite Rankboost
∆xAUC ∆PRF ∆xAUC ∆PRF
COMPAS 0.195± 0.024 0.119± 0.015 0.206± 0.027 0.134± 0.019
Adult 0.089± 0.011 0.040± 0.009 0.055± 0.016 0.020± 0.008
German 0.161± 0.046 0.060± 0.031∗ 0.128± 0.091∗ 0.056± 0.030∗
Framingham 0.270± 0.022 0.124± 0.018 0.285± 0.075 0.136± 0.038
MIMIC, mortality-gender 0.050± 0.012 0.020± 0.009 0.018± 0.011∗ 0.010± 0.010∗
MIMIC, mortality-ethnicity 0.025± 0.012∗ 0.024± 0.012∗ 0.019± 0.013∗ 0.016± 0.010∗
MIMIC, prolonged LOS-gender 0.025± 0.020∗ 0.022± 0.014∗ 0.019± 0.010∗ 0.012± 0.011∗
MIMIC, prolonged LOS-ethnicity 0.043± 0.008 0.021± 0.008 0.025± 0.010 0.012± 0.007
F Additional Experiment Results
F.1 Ranking fairness analysis on unadjusted result
We report the ranking fairness metrics(∆xAUC, ∆PRF) in Table 3. Large ∆xAUC and ∆PRF are observed
on the four benchmark data sets. We use t-test with p-value as 0.0001 to evaluate whether the average ∆xAUC
and ∆PRF do not equal to 0.We mark the results which do not pass the test with ∗ on the table. For MIMIC-III
data set, disparities are significant with certain Y−A.
F.2 Complete experiment results
The complete results with model-metric combinations of logistic regression-∆xAUC, logistic regression-∆PRF,
bipartite rankboost-∆xAUC and bipartite rankboost-∆PRF are shown in Figure 8, 9, 10 and 11 respectively.
The source codes to reproduce these results on public data sets are at https://github.com/xOrder-code/xOrder.
Most subfigures in Figure 8, 9 and 10 have been discussed in the main text. In addition, we can find that all the
methods do not work well on German data set, especially with bipartite rankboost model. It may be due to its
relatively small sample size. With different training-test split, the ranking disparities on training and test data are
obviously different.
F.3 Further comparison between xOrder and post-logit
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Figure 6: Result analysis on COMPAS data set with ∆xAUC metric. (a) illustrates the result with
logistic regression model. (b) illustrates the result with bipartite rankboost model. The left part of
each sub-figure is the distributions of prediction scores on training and test data, the right part of each
sub-figure plots ∆xAUC on training data and testing data.
According to Figure 10, post-logit fails to achieve ∆xAUC as low as xOrder with bipartite rankboost model,
while both methods can achieve low ∆xAUC with logistic regression. To analyze this phenomenon, we use
COMPAS and adult as examples in Figure 6 and 7. For different models, we illustrate the distributions of
prediction scores S on training and testing data. We further plot ∆xAUC on training data versus ∆xAUC on
testing data. With logistic regression model, the distributions of S on training and testing data are closed to
each other. In this situation, the transform relations learnt from post-logit and xOrder can both obtain results
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Figure 7: Result analysis on Adult data set with ∆xAUC metric. (a) illustrates the result with logistic
regression. (b) illustrates the result with bipartite rankboost model. The left part of each sub-figure is
the distributions of prediction scores on training and test data, the right part of each sub-figure plots
∆xAUC on training data and test data.
with low ∆xAUC on testing data. While the distributions of the scores S on training and testing data become
obviously different, the function learned from post-logit may not be generalized well on testing data to achieve
low ∆xAUC. Similar results can be observed on adult data set in Figure. 7. These phenomena occur in repeat
experiments on both data sets. This suggests that xOrder is more robust to such distribution difference.
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Figure 8: AUC-∆xAUC with logistic regression model.
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Figure 9: AUC-∆PRF with logistic regression model.
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Figure 10: AUC-∆xAUC with bipartite rankboost model.
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Figure 11: AUC-∆PRF with bipartite rankboost model.
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